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\  IHTRODU  CTI  ON 

j  Work  was  begun  on  block  diagrams  tor  a  digital  com¬ 
puter  in  February/ 1&4S,  At  that  time  the  project  v;ae  const  (Lai'10 
ing  the  use  of  a  high-speed  erasable  storage  using  serially-read 
electrostatic  storage  tubes  plus  some  photo-electric  card  renders 
for  storing  and  reading  orders ,  constants,  and  tables  of  functions „ 
Studies  were  therefore  made  of  a  serial-typo  computer,  Since  high 
operating  speeds  were  required  for  the  solution  of  the  airplane 
problem,  a  three-address  code  was  proposed,  allowing  the  set  up  of 
storage  elements  in  parallel,  A  full  high-speed  whiff letree -type 
multiplier  was  proposed  with  non-cyclic  operation  resulting  :.n  a 
multiplication  time  of  aboxit  100  microseconds.  Since  this  speed 
vm8  still  not  great  enough  for  a  complete  solution  of  the  airplane 
problem,  it  was  proposed  to  build  two  arithmetic  elements;;  one  of 
which  would  bo  used  solely  for  interpolation,  while  the  other  would 
be  used  for  the  numerical  calculations^  A  study  was  made  o:c  this 
system  by  Everett,  Bidef,  and  Tllton.//)ne  of  the  proposals  i.s 
discussed  in  E-24  by  Peter  "5.  Tilton}, 

^In  the  fall  of  1946  it  was  decided  that  an  electrostatic 
storage  tube  could  be  developed  which  could  be  used  in.  a  parallel 
digit  transmission  system,  <^t  was  further  decided  that  if  such  a 
system  was  used,  it  would  be 'possible  to  solve  the  entire  airplane 
problem  with  a  single  computer  and  yet  have  greater  flexibility  and 
simplicity  than  the  serial  computer  considered  first.  Detailed 
block  diagrams  were  made  for  this  system  and  are  described  in  tols„ 

5  and  6  of  this  .report.  Omitted  from  Vols,  5  and  6  is  the  discussion 
of  the  electrostatic  storage  control,  the  input  and  output  to  the 
computer,  a  large  part  of  the  checking,  the  control  desk,  and  certain 
of  the  additional  orders.  The  Input  and  output  devices  are  described 
in  the  reports  of  Vols,  11  and  12,  A  prox>oeed  set  of  block  diagrams 
for  using  these  devices  is  px'esented  in  M--158  in  this  Volume  A 
tentative  proposal  is  also  given  for  electrostatic  storage  control 
M-136,  The  computer  equipment  required  for  performing  the  additional 
orders  is  discussed'  in-  M-lll  and  M-123,  Some  of  the  checking  problems 
are  also  considered -in- M-12?  and  M-161,  while  several  comments  on 
the  control  desk  by  Jay  W.  Forrester  are  given  in  M~ll?. 

As  an  Indication  of  the  flexibility  of  the  system,  M-136 
describes  how  a  modification  could  be  made  to  allow  automatic 
accumulation  of  products  in  the  Whirlwind  Computer,  This  modifica¬ 
tion  could  be  made  even  after  the  computer  is  built  and  running. 

Some  comments  are  made  in  M-134  on  how  alphabetical  information  could 
be  handled  in  the  Whirlwind  Computer, 
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Project  ?Jhirlwind 
S 6 rvome  chanis  ms  Labor atory 
Massachusetts  Institute  of  Technology 
Cambridge*  Massachusetts 


SUBJECTS  COMPUTER  CODES  FOR  WHIRLWIND,  I 
Tos  Jay  W0  Forrester 

From:  Robert  R,  Everett 

Date:  November  4*  1947 


10  INTRODUCTION 

Th©  first  fifteen  orders  fox'  the  code  proposed  for  Whirlwind  I 
are  described  in  detail  in  the  Block  Diagram  Report*,  f;*»127o  The  basic 
reasons  for  choosing  this  typo  of  codo  are  not  discussed  in  any  great 
detail  in  this  Report,  It  is  the  purpose  of  this  memorandum  to  consider 
the  basic  problems  of  code  selection  and  compare  the  codo  chosen  for 
Whirlwind  I  with  those  codes  chosen  by  other  computer  groups *  particularly 
that  chosen  by  the  Institute  for  Advanced  Study, 

By  computer  codas  is  meant  the  group  of  orders  or  elementary 
operations  bui3.t  into  the  machine  and  available  to  the  operator  for 
instructing  the  machine  in  the  solution  of  e  problem, 

Z a  SELECTION  OF  A  CODE 

First  I  would  like  to  quote  a  paragraph  used  in  the  Institute 
for  Advanced  Study  Report  entitled*  "Preliminary  Discussion  for  the  Logical 
Design  of  an  Electronic  Computing  Instrument"*  paragraph  3.1*  page  4* 

"It  is  easy  to  see  by  formal  logical  methods*  that  there  exist 
codes  that  are  in  abstracto  adequate  to  control  mid  cause  the  execution  of 
any  sequence  of  operations  which  are  individually  available  in  the  raachino 
and  which  are*  in  their  entirety*  conceivable  by  the  problem  planner.  The 
really  decisive  considerations  from  the  present  point  of  view*  in  selecting 
a  code*  are  more  of  a  practical  nature:  simplicity  of  the  equipment  demanded 
by  the  code*  and  the  clarity  of  its  application  to  actually  important  problems 
together  with  the  speed  of  its  handling  of  those  problems »" 

It  is  possible  to  perform  any  of  the  arithmetic  operations  using 
only  very  simple  orders*  such/  ass  the  ability  to  examine  a  single  digit  to 
determine  if  it  i$  a  0  or  a  1,  and  the  ability  to  create  or  destroy  digits. 
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With  these  operations  only  we  can  add  or  subtract,  and  using  .the 
additions  and  subtractions  we  can  multiply,  divide,  and  carry  out 
all  the  other  operations  desired  for  a  machine  of  this  typo*  The 
problem  then  is  not  one  of  discovering  whether  or  not  we  can  devise 
a  code  adequate  for  our  purposes,  but  rather  how  good  a  code  we  can 
devise  in  view  of  our  own  particular  problems 0  The  basic  conflict 
then  is  between  cost  and  the  ease  and  rapidity  with  which  the  machine 
can  be  used,  By  coat,  I  mean  not  only  monetary  coat  but  the  limita¬ 
tions  of  space  and  weight,  the  complexity  of  the  equipment  with 
resulting  trouble  shooting  and  maintenance  difficulties,  and  possible 
set-up  complexity  requiring  highly  trained  operator  3  0  This  conflict 
between  co3t  and  performance  ia  inevitable  in  any  kind  of  design  work,, 

The  resulting  design  must  be  an  engineering  compromise* 

It  is  first  necessary  to  discover  what  would  be  desired  as  a 
code  and  then  to  compare  it  with  what  is  readily  available ,  In  parti¬ 
cular,  the  operations  which  would  facilitate  the  solution  of  the  kinds 
of  problems  in  which  we  are  most  interested,  must  be  discoveredc  There 
ia  no  such  thing  as  a  completely  general-purpose  mac  nine  0  The  computing 
machines  have  not  reached  the  stage  of  speed  and  flexibility  where  they 
can  be  said  to  handle  satisfactorily  all  types  of  problems*  Instead, 
the  computers  are  intended  for  specific  classes  of  problems 0  These 
classes  are  very  large,  to  be  sure,  compared  with  what  has  been  possible 
in  the  past  and  the  computers  are  able  also  to  handle  with  less  efficiency 
problems  outside  their  specific  design  classes  but  the  fact  remains  that 
the  computer  must  be  designed  with  certain,  specific  requirements  in  mind0 
These  requirements  are  dictated  by  the  kinds  of  problems  to  be  encountered,. 

Going  beyond  then  the  simple  logical  operations  mentioned  above, 
we  can  state  that  almost  all  classes  of  problems  require  large  numbers  of 
the  arithmetic  operations  of  addition,  subtraction  and  multiplication,, 

For  this  reason,  it  is  desirable  to  build  in  thee©  operations  oven  though 
the  amount  of  the  equipment  required  may  be  considerable*  We  also  basically 
require  the  ability  to  examines  a  digit  of  a  word  in  the  computer  and  to 
order  the  further  operation  of  the  computer  according  to  the  condition  of 
this  digit* 

Bpyond  these  simple  operations  is  a  second  category  which  would 
bo  desirable  in  almost  any  case  and  which  will  bo  built  in  if  the  amount  of 
equipment  required  is  not  excessive,.  Among  those  operations  arej  transfer¬ 
ring  data  from  one  part  of  the  computer  to  another  without  arithmetic 
operations,  absolute  as  well  as  conditional  transference  of  control,  the 
shifting  of  information  id  thin  the  computer  without  requiring  multiplication 
and  transferring  parts  of  a  word  without  requiring  a  lengthy  shifting  operation* 
These  operations  are  sufficiently  valuable  and  used,  sufficiently  often  to 
warrant  their  inclusion  although  they  can  be  fairly  readily  made  up  of  the 
simpler  operations*  In  fact,  the  very  readiness  with  which  they  can  be  made 
up  indicates  the  simplicity  of  the  additional  equipment  needed  for  their 
automatic  acaomplistonentc. 
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Then  th©j/e  is  a  third  category  containing  operations  of.  a 
rare  special  nature  whoso  general  value  is  not  so ( immediate^  apptronU 
Once  again  it  is  possible  to  make  up  these  operations  hm.  the  uirap-  * 
ones;  the  question  is  shall  they  be  made  automatic..  Among  these  op  i 
tlone  are  others  such  as  addition  and  subtraction  using  ®  -L 

values  of  numbers,  division,  and  square  root  which  would  be  eluded  only 
if  they  were  either  very  easy  to  add  or  if  the  problems  under  par^ieular 
consideration  require  them  in  such  quantities  as  to  make  economic  bhtui 
inclusion o  Among  these  operations  are  still  others  which  would  not  bo 
included  at  all  unless  the  particular  problems  required  them., 

It  so  happens  then  that  the  first  two  categories  involved  ar® 
decided  without  regard  to  the  mathematical  problem;  involved;  the 
category,  arithmetic  operations,  because  it  would  be  included  anyway,  and 
the  second  category,  convenient  operations,  because  oi  xts  general  value 
Sd  ?he  ease  with  which  it  can  be  added  to  the  computer.  It  also  happens 
that  the  third  category,  special  operations,  tends  to  be  decided  accord¬ 
ing  to  the  cost  in  machine’  complexity  unless  the  need  for  them  in  special 
problems  is  immediately  apparent, 

3,  BASIC  CODES. 

Orders  in  general  consist  of  an  instructional  operation  code 
plus  the  positions  or  addresses  of  one  or  more  of  the  words  in  th®  ■jj?*®8®0 
Orders  are  called  single  or  multiple  address  orders  depending  on  whether 
there  are  one  or  more  references  to  storage  for  each  operation. 

The  choice  of  the  number  of  addresses  to  be  used  in  the  order 
is  once  again  largely  dependent  on  the  physical  nature  of  the  machine* 

Since  most  arithmetic  operations  require  three  numbers,  two  of  which  a 
combined  in  some  fashion  to  fora  the  third,  a  three  address  code  might  at 
first  be  thought  best,  since  two  of  the  addresses  could  be  for  the  too 
original  numbers  and  the  third  address  for  the  disposal.  o£  the  result* 
However,  many  times  only  one  or  two  of  the  addresses  are  required  resulting 
•in  considerable  waste  of  order  storage*  The  address  position  of  a  3ingle 
address  code  is  almost  always  used  thus  making  it  somewhat  more  efficient, 
particularly  as  it  is  not  necessary  to  store  the  results  of  operations  -f 
they  are  t/be  used  again  immediately*  Four  address  codes  ar©  also  useful* 
Th/fourth  address  can  be  used  to  select  the  next  order  to  be  Performed; 
thus  it  is  no  longer  necessary  to  store  the  orders  in  approximate  linear 
sequence  in.  the  machine  and  considerable  numbers  of  transfers  using  the 
sub-program  operations  are  avoided*  However,  all  these  considerations  are 

secondary* 

In  the  first  place  the  single  address  code  requires  the  simplest 
kind  of  equipment  since  only  one  elementary  operation  is  being  carried  on 
at  a  time*  The  effective  use  of  a  triple  address  code  requires  conaidsi olu.e 
duplication  of  control  equipment.  In  the  case  of  a  parallel  type  machine 
such  as  Whirlwind  the  increase  in  control  equipment  would  be  conorderabl 
and  the  savins  in  time  small.  In  the  case  of  serial  type  machines  where 
the  time  required  to  extract  information  from  storage  is  long,  the  use  of 
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i  multiple  address  cod©  allows  these  extractions  to  be  carried  out  hi 
parallel  with  a  considerable  saving  in  time.  For  this  reason  a  multiple 
address  cod©  was  selected  for  the  early  serial  computer  investigation  01 
Project  Whirlwind  and  ha3  also  been  selected  for  some  of  the  EDVAG  lyp© 
machines o  '  , 

There  is  another  important  consideration,,  however,  and  that  is 
word  length*  The  length  of  an  address  is  fixed  by  the  memory  capacity  of 
the  machine  and  is  of  the  order  of  ten  to  fifteen  binary  digits *  A  triple 
address  code  is  thus  of  the  order  of  50  binary  dibits  in  length.  Thirty 
to  forty  binary  digits  are  usually  considered  adequate  for  most  typos  of 
computing,,  If  the  word  length  is  made  50  or  more  digits  long  just  to 
accomodate  the  length  of  ail  order,  there  is  a  considerable  wastage  both 
of  memory  capacity  and  quipmento  If,  however,  the  order  is  cut  in  two 
parts  or  stored  in  two  words,  each  part  need  only  be  about  25  digits 
which  ia  now  too  start  for  most  computing  purposes „  Therefore,  when 
multiple  address  codes  are  considered  the  four  address  code  exhibits  the 
advantage  of  nicely  filling  two  word  lengths  of  an  ordinary  computer,. 

Although  the  triple  address  code  was  used  in  the  coding  investigations 
carried  out  in  the  serial  computer  study  of  the  Whirlwind  Program  a  four 
address  code  or  a  modification  of  it  was  proposed  1'or  the  actual  machine* 

At  the  moment  there  seems  to  be  no  advantage  in  using  a  two  address  code 
or  in  using  more  than  four  addresses*  Both  the  Whirlwind  and  Institute  for 
Advance  Study  machines  use  a  single  address  code  as  is  best  suited  to 
their  basic  system  which  is  to  perform  operations  in  series  while  handling 
digit  columns  in  parallel*  Two  complete  single  address  orders  fit  easily 
through  a  single  word  length  of  a  machine  such  as  Whirlwind  II  or  the 
Institute  for  Advance  Study  Machine  vihil©  a  single  address  order  was  used 
to  determine  the  word  length  for  Whirlwind  I*  <j 

There  are  other  possible  modifications  such  as  an  early  EDVAC 
code  which  filled  a  full  word  length  with  a  sing].©  address  order  and 
included  space  for  such  information  as  the  number  of  transfers  to  be 
performed*  The  Naval  Ordnance  Laboratory  machines  proposed  providing 
space  for  "stop  orders"  which  were  indices  carried  along  with  orders  to 
facilitate  keeping  track  of  inductive  processes* 

The  selection  of  a  fixed  or  floating  point-  system  has  considerable 
pffQct  upon  the  code  to  be  used*  In  order  to  faci3.it ate  certain  operations 
it  is  desirable  to  have  a  fixed  point  system  available*  If  a  floating 
point  system  is  desired  for  ease  of  setup  then.  usu?'lj.y  both  fixed  and. 
floating  point  systems  must  be  provided*  It  has  boon  decided  that  th© 
Whirlwind  machine  and  most  of  the  other  proposed  machines  use  a  fixed  point 
system  only  because  it  has  not  been  felt  that  any  simplicity  gained  by  the 
floating  point  in  setup  is  warranted  by  the  extra  complication  and  ..loss  of 
speed  of  the  con?>utero 

The  procedure  for  handling  signs  also  has;  an  effect  upon  the  cod©* 
The  particular  convention  used  has  no  effect  when  elementary  arithmetic 
operations  are  considered  but  has  considerable  effect  when  multiple  length 
number  operations  are  carried  out  or  when  the  digital  character  of  the 
numbers  are  considered  as  in  comparisons  in  conversions  of  one  baa©  system 
to  another.  A  9's  complement  system  was  chosen  for  the  Whirlwind  I  Computer 
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because  of  the  simplicity  obtained  thereby  in  the  arithmetic  element 
although  the  tens  complements  system  is  used  by  the  Institute  for 
Advanced  Study  appeal’s  to  result  in  occasional  coding  simplicity » 

The  rounding  procedure  used  also  has  a  considerable  effect 
upon  the  code  selected*  Xn  general  during  ordinary  arithmetic  coBiputa*” 
tion,  it  is  desirable  to  round  off  numbers  as  carefully  as  possible* 

When  the  digital  characters  of  tho  numbers  ia  considered  it  is  desirable 
not  to  round  off  the  numbers o  There  are  3  possibilities 0  The  first  is 
to  round  off  whenever  desirable  from  tho  point  of  view  of  arithmetic  and 
to  accept  the  resulting  complications  of  the  coding  when  otter  types  of 
problems  are  considered,-  The  second  ia  not  to  round  off  at  all?  eithei 
accepting  tho  resulting  orror  or  ro  unding  off  when  desired  by  application 
of  tho  elementary  operations „  The  third  possibility  ia  to  duplicate 
orders  for  no  unding  off  or  not  rounding  off  accepting  the  coot  in  machine 
complication  for  ease  in  coding.  Tho  Whirlwind  machine  uses  a  combination 
of  the  first  and  third  method.  Since  the  problems  for  which  it  is  intended, 
in  particular  simulator  and  other  physical  problems,  are  arithmetic  in 
nature,  rounding  off  is  performed  whenever  desirable.  In  some  instances 
special  orders  are  provided  to  avoid  rounding  off ,  in  particular  to  facili~ 
tate  operations  with  multiple  length  numbers.  These  points  will  be  mad© 
clear  in  the  paragraph  below, 

ha  THE  INSTITUTE  FOR  ADVANCE  STUDY  AND  WHIRLWIND  CODES 

The  IAS  and  M  machines  are  physically  very  similar  as  dictated 
by  the  similarity  of  their  storage  devices.  Their  differences  .lie,  in  the 
extra,  complication  of  the  Whirlwind  machine  added  to  obtain  the  very  high 
computing  speed  required  for  the  problems  -considered  for  Whirlwind,  Since 
their  physical  natures  are  very  similar  and  their  physical,  natures  have  a 
very  great  effect  upon  the  codes  as  shown  above,  the  codes  proposed  for  the 
IAS  and  WW  machines  are  also  very  similar.  Those  codes  are  given  below  and 
compared  and  discussed  in  detail,  X  shall  first  give  a  short  summary  of  the 
major  differences  between  these  two  codes 0 

SUMMARY  OF  THE  DIFFERENCES  BETWEEN  THE  IAS  AND  WW  CODES, 

10  There  ia  no  appreciable  difference  between  the  orders  required  for 
addition  and  subtraction, 

2,  In  multiplication  the  Whirlwind  machine  multiplies  the  number  selected 
by  the  order  by  the  contents  of  the  accumulator  in  the  arithmetic 
element  and  leaves  the  product  in  this  accumulator.  It  is  thus  poesible 
to  perform,  repeated  multiplications  without  restoring  the  products  at 
each  step.  The  IAS  machine  multiplies  the  number  selected  by  the  order 
by  the  number  which  is  in  the  shifting  register  of  the  arithmetic  element 
and  leaves  the  product  in  tho  accumulator.  The  only  path  between  th® 
accumulator  and  the  shifting  register  Is  via  the  storage  thus  requiring 
a  transfer  omitted  in  the  Whirlwind  machine  if  repeated  multiplications 
are  to  be  carried  out. 
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3o  The  Whirlwind  code  provides  two  orders  for  multiplication  erf  of 
Yfhich  includes  rounding  off  and  one  of  which  does  no  c  .>  Ihe  Inii 
code  has  but  one  order  which  always  rounds  off  the  pr oduct  but 
leaves  an  indication  so  that  the  rounding  can  be  cleared  later  if 
desired,, 

4c.  In  division  th®  remainder  is  cleared  from  the  accumulator  in  the 
Whirlwind  code  and  is  left  in  the  accumulator  in  the  IAS  code, 

5o  Since  there  is  but  one  order  per  word  in  the  Whirlwind  machine  as 
compared  to  two  orders  per  word  in  the  IAS  machine  only  half  as 
many  control  modification  orders  are  required 5 

60  Th©  shift  orders  in  the  IAS  code  .cause  the  acscumulator  in  the 
arithmetic  element  to  be  stepped  but,  one  space  to  the  right  02. 
left  for  each  shift  order 0  In  the  Vfairlwind  code  shifts  up  to  the 
full  length  of  the  accumulator  car.  be  ordered  by  a  single  order,, 

70  There  are  also  some  special  orders  provided  in  the  Whirlwind  code 
for  facilitating  operations  with  multiple  length  numbers 0  This 
facility  is  desirable  in  Whirlwind  I  because  of  its  short:  register 
lengths o 

'80  since  data  is  not  available  no  comparison  is  given  between  the 
input  and  output  orders  proposed  for  the  two  machines  n 

Th©  detailed  comparison  of  the  codes  now  follows; 


Order  Number 

Code 

Symbol 

Description 

1 

IAS 

Clear  accumulator  and  add 
number  located  at  position  x 
in  the  sslectrons  into  it- 

WWI 

ca 

Clear  and  add*  Clear  AC  and 
add  the  contents  of  register 
x  into  it0 

These  two  orders 

concerned* 

are  identical 

as  far  as  the  operator  is 

2 

IAS 

cw 

Clear  accumulator  and,  sub  street 
number  located  at  position  x 
in  the  a electron  into  it„ 

wa 

S& 

Clear  and  abstract  0  Clear  AC 
and  substract  the  contents  of 
register  x  into  it* 

These  two  orders  are  identical  as  far  as  the  operator  is 


concerned* 
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Order  Number 


Code 


Symbol 


Description 


3 


IAS 


WWI 


a 


CtE 


Clear  accumulator  and  add 
absolute  value  of  number 
located  at  position  x  in  the 
Solectron  into  ito 

Clear  and  add  magnitude  c, 

Clear  AC  and  add  the  absolute 
magnitude  of  the  number  in 
register  x  into  ito 


** 

These  two  orders  are  identical  as  far  as  the  operator  is  concerned 0 
The  absolute  value  operations  are  not  described  in  R-127o _ _ _ 


IAS 


WWI 


M 


mu 


Clear  accumulator  and  substract 
the  number  located  in  position  x 
into  ito 

Negative  Magnitude  clear  AC  and 
substract  the  absolute  magnitude 
of  the  numtor  in  register  x  into 
ito 


These  two  orders  are  identical  as  far  as  the  operator  is  concerned., 


5 


IAS 


Add  number  located  at  position  x 
in  the  seloctron  into  the  accumu¬ 
lator. 


Add.,  Add  the  contents  of  register 
x  to  whatever  is  in  ACo 


WWI  ad 

These  two  orders  are  identical  as  far  as  the  operator  is  concerned 


IAS 


MI 


h- 


su 


Substract  number  located  at  posi¬ 
tion  x  in  the  Solectron  into  the 
accumulator., 

Substract o  Substract  the  contents 
of  register  x  from  whatever  is 
already  in  AC. 


concerned. 


These  two  orders  are  also  identical  as  far  as  the  operator  is 


IAS 


WWI 


HM 


8m 


Add  absolute  value  of  number 
located  at  position  x  in  the 
Solectron  into  the  accumulator 0 

Add  magnitude „  Add  the  absolute 
value  off  the  number  in  register  x 
to  whatever  is  already  in  AC  0 


These  two  orders  are  also  identical  as  far  as  the  operator  is 


concerned 
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Order  Number 

Code 

Symbol 

Description 

8 

IAS 

h-M 

Substract  absolute  value  of 
number  located  in  position  x 
in  the  s electron  into  the 
accumulator. 

WWI 

>sm 

Substract  magnitude,.  Substract 
the  absolute  value  of  the  number 
in  register  x  from  whatever  is 
already  in  AC. 

These  two  orders 

concerned. 

are  also  identical  as  far  a3  the  opex'ator  is 

9 

IAS 

R 

Clear  register  and  add  number 
located  at  position  x  in  the 
selectron  into  it. 

There  is  no  counterpart  to  this  order  in  tho  Whirlwind  code,  The 
register  mentioned  is  equivalent  to  Whirlwind  B~  Register,  In  i#he  IAS  Coda 
this  order  ia  necessary  prior  to  a  multiplication,, 

10 

IAS 

-  A 

Clear  accumulator  and  shift  number 

hold  in  register  into  it0 


There  ie  no  counterpart  to  this  order  in  tho  Whirlwind  Cocks  D  When- 
ever  it  is  desired  to  shift  the  number  in  tho  B-Rog.ister  into  the  accumulator 
tho  regular  shift  left  operation  is  used. 


11  IAS  X  Clear  accumulator  and  multiply  the 

number  located  at  positioft  x  in  tho 
selectrons  by  the  number  in  the 
registerP  placing  the  left  hand  39 
digits  of  the  answer  in  the  accumu¬ 
lator  and  the  right  hand  39  digits 
of  the  answer  in  the  register 0  Tho 
sign  digit  of  the  register  is  to  be 
made  equal  to  the  extreme  left 
(non-sign)  digit .  If  the  latter  is 
ls  then  2-39  is  to  be  added  .into  the 
accumulato.ro 

WWX  mr  Multiply  and  round  off  0  Multiply  the 

contents  of  register  x  by  whatever  is 
in  AC  and  round  off  the  result  to  one 
register  length0 

This  is  tha  first  important  difference  between  the  IAS  and  Whirlwind 
code,  Since. the  multiplier  is  originally  in  the  accumulator  in  tho  Whirlwind. 
cod©5  order  9  described  above  ia  not  needed.  Since  the  product  also  appears  in 
the  accumulator  successive  multiplications  can  be  carried  out  without  transfer- 
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ring  the  product  into  the  memory  at  each  stepQ  In  the  Whirlwind  operation  the 
product  is  rounded  off  and  the  contents  of  the  B  register  are  cloaredo  lij 
then,  it  is  desired  to  retain  the  less  significant  half  of  the  product,,  a 
special  order  described  below  is  needed.  In  the  IAS  order  not  only  is  the  less 
significant  half  of  the  product  retained^  but  an  indication  is  lexfc  in  the  sign 
digit  position  in  the  register  so  that  the  rounding  can  be  cleared  if  desired,, 

The  IAS  order  is  perfectly  complete  as  far  as  allowing  double  length  multiplica- 
tion  operations 4,  but  is  less  convenient  if  many  of  them  are  to  be  performed  as 
is  the  ca3e  in  Whirlwind  li  _ 

IT  WWX  mh  Multiply  and  hold  full  pro  duct  0 

Multiply  the  contents  of  register  x 
by  whatever  is  an  AC  but  do  not  round 
Offo 


This  is  the  order  mentioned  in  the  paragraph  above,, 

12  '  IAS~*  T  ’  Clea^  1* 

the  accumulator  by  th©  number  located 
by  position  x  of  the  eelectron,  leavinj 
the  remainder  in  the  accumulator  and 
placing  the  quotient  in  th®  registax-o 

TOfj  dv  Dlvidt  0  Divide  the  contents  of  AO 

by  whatever  is  in  the  register  x0 

Although  the  two  orders  are  superficially  alike  there  are  two 
differences „  In  the  IAS  code  the  quotient  is  rounded  automatically,  while  in 
the  Whirlwind  code  the  rounding  is  not  performed  until  the  quotient  is  shifted 
into  the  accumulator,.  Secondly,  ti:»  remainder  is  retained  in  th©  IAS  code  and 
is  cleared  from  the  accumulator  in  the  Whirlwind  code0  This  is  as  a  shortcoming 
of  the  Whirlwind  code  and  is  due  to  the  particular  way  in  which  the  division  is 
accomplished,  within  the  machine,,  1  do  not  feel  that  the  result  is  serious 0 

13  IAS  C  Shift  the  control  to  the  left  hand 

order  of  th©  order  pair  located  at 
position  x  in  the  sel©ctron0 

1WI  so  Sub-program,,  Transfer  the  registrar 

number  x  to  the  program  counter. 

These  orders  are  identical  as  far  as  the  operator  is  concerned  except 
that  since  there  is  only  one  order  pew  word  in  the  Whirlwind  machine  it  is  not 
necessary  to  designate  which  half  of  the  word  is  to  be  used, 

. -  - *  '  '  "»■"  — .  ***** 

14  IAS  C  Shift  the  control  to  the  right  hand 

order  of  the  order  pair  located  et 
position  x  in  the  selectron0  There 
is  no  counterpart  to  this  order  i» 
the  Whirlwind  code0  Since  WWI  has 
but  one  order  to  a  word. 
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Order  Number  Code  Symbol  Description 

3_3  143  ec  If  tho  number  in  the  accumulator 

is  |S  0  shift  the  control  as  in 
order  13  o 

WWI  C£  Conditional  program.  Transfer  the 

register  number  x  to  the  program 
counter  if  the  number  in  AG  io 
greater  than  zero* 

There  are  two  differences  between  these  orders,  th©  first  is  the  one 
mentioned  above  that  since  there  is  only  one  order  per  word  in  the  Whirlwind 
machine  it  is  not  necessary  to  designate  which  half  of  tho  word  i3  to  be  used. 
The  second  is  that  since  the  Whirlwind  machine  used  9as  complements  while  tho 
IAS  machine  used  10*0  complements ,  aero  has  a  zero  sign  digit  in  the  IAS  machine 
whi.1©  it  has  a  1  sign  digit  in  the  Whirlvdnd  machine*  Zero  iB  thus  allocated 
to  the  positive  numbers  in  the  IAS  machine  and  the  control  is  shifted  for  a 
zero  number,  while  in  the  Whirlwind  machine  zero  is  allocated  to  the  negative 
numbers  and  the  control  is  not  shifted* 


16 

IAS 

Cc 

If  the  number  in  the  accumulator  is 
■^0  shift  the  control  as  in  order  14. 

there  is 

There  is  no  counterpart  to  this 
only  one  order  per  word* 

order  in  the  Whirlwind  machine  since 

17 

IAS 

s 

Transfer  the  number  in  the  accumu¬ 
lator  to  position  x  in  the  selection* 

- 

WWI 

ts 

Transfer  to  storage 0  Transfer  the 
contents  of  AC  to  register  x  9 

These 

two  orders 

are  identical 

as  far  as  the  operator  is  concerned* 

18 

IAS 

Sp 

naU» 

Replace  ;he  left-hand  12  digits  of 
tho  left-hand  order  located  at 
position  x  by  the  12  digits  9  to  20 
from  the  loft  in  the  accumulator,* 

mi 

td 

Transfei  digits*  Transfer  the  left- 
hand  11  digits  in  AC  to  the  register 
position  section  of  the  order  in.  x» 

The  difference  here  lies,  first,  as  usual,  in  the  number  of  orders 
per  word  and  also  in  tho  selection  of  which  digits  in  AC  are  to  be  transferred 
to  the  storage  stored  order*  At  present  the  WWI  code  states  that  the  left-hand 
11  digits  in  AC  arc  to  be  transferred*  This  digit  selection  is  not  entirely 
satisfactory  since  tho  first  digit  is  also  the  3ign  digit  which  puts  certain 
limitations  on  arithmetic  operations  performed  on  the  numbers  to  bo  transferred* 
The  digit  selection  will  therefore  be  changed*  but  it  is  not  yob  known  what  the 
final  choice  will  be*  The  decision  is  not  needed  in  the  design  until  the  final- 
cabling  diagrams  are  made* 


6345 

Memorandum  M  -»  137 


GOMMUSiMWIAL 


11  o 


Order  Number 

Code 

f  Symbol 

Description 

19 

IAS 

SP 

Replaces  tho  left  nand  12  digits  of  th 
right  hand  order  located  at  position 
x  by  the  12  digits  29  to  40  from  tho 
left  in  the  accumulator. 

There  is  no  counterpart  to  this  order  in  the  Whirlwind  code  because 
there  is  but  one  order  per  worcu 


20  IAS  R  Replace  the  contents  Eq  E‘i  E p„.0 

b38  %9  of  the  accumtilafcor  by 

E0  ®0  %  °»°  e37  ®38  0 

e 

WWI  ar  Shift  righto  Shift  the  contents  of 

AC  and  BR  to  the  right  the  number  of 
digits  designated  by  the  number  in 
the  register  number  section  of  the 
ordei'o 

There  are  two  differences  betvfesn  these  orders 3  First  the  Whirlwind 
order  allows  shifting  by  as  many  digits  as  desired  as  compared  to  the  IAS  order 
which  allows  shifting  by  only  one  digit  at  a  tim,  Secondly.,  the  contents  of 
AC  are  rounded  off  in  the  Whirlwind  I  order  and  are  not  rounded  in  the  IAS  order. 
The  sign  handling  methods  are  the  sam®. 


\ 

21  IAS  L  Replace  tho  contents  Eg  El  Eg  „„„ 

%8  e39  ar*6  Hq  Hi  Hg  r.  o  o  H-53  N^i  of 
the  accumulator  :ln  tho  register,  by 
Eq  Eft  E3  o.o  E^9  0  and  Hi  Kg  H3 

o  »  O  ®Io 

MI  -  si  Shift  J.efto  Shift  tho  contents  of 

AC  and  DR  to  tho  left  the  number  of 
digits  designated  by  the  number  of 
the  register  number  section  of  the 
order,, 

There  are  again  two  differences  between  these  orders 0  The  Whirlwind 
order  allows  shifting  by  any  desired  number  of  digits  while  the  IAS  order  allows 
shifting  only  by  one  digit  at  a  timo0  Secondly,  the  digits  of  the  register  are 
shifted  into  the  accumulator  and  the  result  rounded  off  in  the  Whirlwind  order 
while  there  la'no  round  off  in  the  IAS  order „  The  sign  handling  methods  are  the 
same.  However,,  in  the  IAS  order  the  digits  shifted  off  the  left  hand  end  of  the 
accumulator  are  saved  in  tho  B  register,  while  they  are  completely  discarded  in 
the  Whirlwind  orderu 

These  orders  are  the  only  ones  available  for  the  IAS  code  that  have 
been  reported  to  us  to  date.  Below  are  described  some  further  orders  proposed 
for  Whirlwind  J„ 


WWI  sa  Special  add,,  Add  as  in  ad  but  retain 

any  overflow  for  use  in  double  length 
number  position,. 
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This  order  allows  a  complete  double  length  addition  to  bo  performed 
in  6  orders  while  more  than  this  number  of  orders  is  required  in  the  IAS  coda 
without  modification0 

This  additional  order  seems  to  be  warranted  in  the  case  of  Whirlwind  I, 
first  because  of  ite  short  register  length*  and  second  because  the  handling  of 
double  length  numbers  is  more  complicated  in  93o  complement  than  in  10 ’a 
complement 0 


WWI  as  Automatic  sub-program,,  Fub  the 

contents  of  AC  in  BR„  Put  the 
contents  of  register  x  in  ACo 

This  order  is  the  preliminary  step  to  the  automatic  sub-program 
operations  discussed  in  M-123c 


MI 

ax,  ayflaz 

These  are  the  three  automatic  sub¬ 
programs  to  be  alloted  in  Whirlwind  I„ 

WWI 

sd 

Store  and  display,.  Transfer  the 
contents  of  AC  to  register  x  and  also 
to  the  output  element  o 

This  is  a  very  simple  output  order  to  fca  provided  in  Whirlwind  I  for 
use  in  test  storage  only0  The  more  complicated  special  output  orders  have  not 
yet  boon  described  in  detailo 


5,  CODING  CHANGES  FOR  VSHIRIMND  I. 


The  control  of  Whirlwind  I  is  so  designed  that  changes  in  the  codo3 
such  as  changing  round  off  procedures  or  retention  of  digits  in  shifts  or 
multiplications  can  be  readily  made  at  any  time  even  after  the  machine  is 
operating*  If  it  is  discovered  later  on  that  certain  of  the  minor  differences 
between  the  Whirlwind  I  and  IAS  code  occasioned  by  decisions  mad©  to  the  light  of 
the  arithmetic  problems  proposed  for  Whirlwind  I  should  be  adjusted,  they  can  bo 
changed  readily  without  serious  physical  change  in  the  computer  itself 0 


It  is  also  possible  to  use  Borne  of  the  spare  order ‘positions  left  in 
the  control  order  to  set  up  modified  additional  orders  while  retaining  the 
original  ones0 


Robert  R0  Everett 
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Project  Whirlwind 
Servome  o Nanisms  Laboratory 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 


SUBJECT :  ALPHABETICAL  INFORMATION  IN  WHIRLWIND  COMPUTERS 
Tos  Jay.  W.  Forrester 

From:  R.  R,  Everett 

Date:  November  13,  1947 


The  following  comments  have  been  prepared  hurriedly 
in  response  to  a  Bureau  of  Standards  request  for  information. 
Improved  methods  of  handling  alphabetical  information  oould 
be  worked  *ut  if  more  time  were  available. 

1,  ii.are  is  nothing  that  prevents  the  insertion  of 
alphabetic  data  into  a  binary  machine  such  as  WHIRLWIND.  The 
twenty-six  characters  of  the  alphabet  plus  the  few  extra  which 
are  needed  for  certain  kinds  of  punotuation  and  markers  can 
be  written  in  a  base  thirty-two  system  which  requires  five 
binary  digits.  The  information  may  be  inserted  in  the  computer 
in  this  binary  coded  base  thirty-two  system.  Five  binary  digits 
are  needed  for  each  letter;  thus,  three  letters  oould  be  stored 
in  the  sixteen  digit  word  length  of  WHIRLWIND  I  with  one  digit 
left  over  for  a  marker.  WHIRLWIND  II  oould  store  about  eight 
alphabetic  characters  per  word.  Since  either  three  or  eight 
characters  is  insufficient  for  most  alphabetic  data,  particular¬ 
ly  names,  the  actual  alphabetic  words  would  have  to  be  broken 
up  into  several  registers  in  the  computer.  There  are  several 
possibilities  for  handling  this: 

a.  Assign  for  each  alphabetic  element  a  certain 
number  of  registers  large  enough  to  contain 
the  largest  possible  case.  This  system  is 
probably  too  inefficient  to  be  very  useful. 

b.  Transmit,  probably  first,  a  register  telling 
how  many  words  are  required  to  oontain  the 
following  alphabetic  information.  The  com¬ 
puter  can  use  this  information  as  an  induction 
index  to  keep  track  of»  the  alphabetic  processes. 

o.  Use  the  digit  left  over  in  WHIRLWIND  I  or  an 
equivalent  digit  in  other  computers  as  a 
marker.  The  first  word,  by  word  I  mean 
computer  word,  in  the  alphabetic  sequence 
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could  have  a  aero  sign  digit  or  marker. 

From  then  on,  all  words  coming  along  with 
sign  digits  equal  to  one  would  be  under¬ 
stood  to  be  part  of  that  alphabetic  in¬ 
formation.  The  next  time  that  a  zero  sign 
digit  appears  the  computer  would  know  that 
a  new  alphabetic  word  had  appeared.  The 
computer  can  handle  this  problem  easily 
because  of  the  conditional  sub-program 
operations. 

A  typewriter  or  teletype  style  of  keyboard  would 
replace  the  ten-digit  decimal  keyboard.  Each  key  punched 
oould,  probably  through  a  matrix  switch,  provide  the  fivo- 
digit  binary  code  equivalent  to  it.  These  codes  would  be 
inserted  in  the  keyboard  register  in  sequence  without  con¬ 
version  since  it  is  desired  to  keep  the  information  in  base 
thirty-two . 

It  is  desirable  to  have  at  least  some  punctuation 
marks  since  alphabetic  information  may  consist  of  a  number 
of  parts;  for  instance  a  man's  surname,  followed  by  his 
given  namej  followed  by  his  middle  name.  It  is  desirable 
to  separate  these  sections,  since  in  a  comparison  for 
alphabetic  order,  the  first  initial  of  a  man's  given  name 
has  a  different  meaning  than  if  it  were  a  corresponding 
last  digit  in  his  surname.  In  this  oase,  a  comma  given  a 
base  thirty-two  notation  which  is  greater  than  any  of  the 
alphabetic  numbers  could  be  inserted  between  the  surname  » 

and  given  name,  giving  the  desired  result.  Also,  it  will 
be  necessary  to  attach  base  thirty-two  numbers  to  the 
alphabetic  characters  in  descending  order  such  that  A  will 
be  the  largest  and  Z  the  smallest  numerically.  The  alterna¬ 
tive  is  also  possible  of  attaching  numbers  in  increasing  order 
instead  of  decreasing.  In  this  oase  the  comma  should  bo 
smaller  numerically  than  any  of  the  alphabetic  numbers. 

2.  I  cannot  see  where  it  would  be  desirable  to 
perform  any  arithmetic  operations  on  the  alphabetic  data 
within  the  computer,  since,  in  general,  words  and  names 
have  no  quantitative  meaning.  The  only  operation  I  can 
see  of  value  is  the  comparison  operation;  that  is,  the 
choice  of  whether  or  not  two  names  or  numbers  are  alike 
and,  if  they  are  not  alike,  which  comes  sooner  in  an  alpha¬ 
betic  sorting.  It  is  true  that  alphabetic  order  is  obtain¬ 
ed  by  assigning  numerical  meanings  to  the  alphabetic  characters 
but  this  is  done  merely  for  convenience  in  reference  and  does 
no^;  mean  there  is  any  logical  moaning  to  the  sequence  except 
in  the  particular  case  mentioned  above  of  identity  or  equality 
between  words  or  parts  of  words. 

For  instance,  in  examining  a  sequence  of  names, 
each  one  of  which  ia  represented  in  the  surname,  given  name. 
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middle  name  order,  two  names  may  be  considered  as  belonging  to 
the  same  person  only  if  they  are  identioal  in  all  parts.  How¬ 
ever,  'two  names  can  be  considered  as  belonging  at  least  to  bhe 
same  general  family  if  only  the  first  part  of  their  alphabetic 
information,  that  is,  their  surnames,  are  alike. 

The  ability  to  compare  two  numbers  written  in  binary 
oode  but  in  any  base  is  already  available  within  the  Whirlwind 
machine.  The  difference  between  these  tvro  numbers  will  be 
arithmetically  oorrect  only  if  the  numbers  are  truly  binary, 
but  will  have  the  proper  sign  in  any  case. 

This  remark  requires  some  clarification.  First,  by 
a  number  written  in  binary  code  but  not  in  base  2,  I  mean  that 
oaoh  digit  of  the  original  number  is  written  in  binary  code, 
but  not  the  whole  number.  For  instance,  in  base  10,  the  first 
digit  of  the  deoimal  number  may  be  written  in  binary  oode  re¬ 
quiring  4  binary  digits.  The  seoond  digit  may  also  be  so  written 
requiring  4  more  binary  digits.  If  this  process  is  continued, 
the  result  will  be  a  binary  coded  deoimal  number  requiring  4  n 
binary  digits  where’  n  is  the  number  of  deoimal  digits  in  the 
original  number.  Now  several  things  are  apparent.  Since  four 
binary  digits  permit  16  possibilities  and  we  are  only  using  10 
Of  these,  there  are  unused  gaps  in  the  resulting  number »  The 
number  is  thus  not  truly  binary.  If  the  base  wo  are  using 
happens  to  be  a  power  of  two  as  proposed  above,  then  ©Ijl  the 
possibilities  would  be  used  and  the  number  would  be  indistinquish- 
able  from  a  truly  binary  number;  In  fact,  it  would  be;  truly 
binary.  Our  binary  coded  number  has  a  distinct  meaning  as  long 
as  we  know  the  process  by  which  it  was  obtained.  Any  arithmetic 
operations  on  this  number  will  also  have  to  take  this)  process 
into  account.  I 

Now,  to  see  that  the  result  of  a  subtraction  in¬ 
volving  binary  coded  numbers  with  non-binary  bases  will  have 
at  least  the  proper  Bign,  consider  the  three  possible  cases: 

a.  The  numbers  are  equal.  If  so,  they  are 
also  equal  if  considered  as  truly  binary 
numbers  and  will  thus  exhibit  the  con¬ 
figuration  and  sign  associated  with  zero 
in  the  maohine  when  subtracted. 

b.  The  first  is  larger  than  the  seoond. 

Consider  the  subtraction  as  being  carried 
out  in  groups  corresponding  to  the  binary 
digits  of  the  original  number.  Starting 
at  the  left  a  number  of  these  groups  may 
be  equal,  but  eventually  wo  will  come  to 
group  in  which  tho  minuend  is  larger  than 
the  subtrahend.  The  difference  in  this 
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group  will  bo  a  positive  binary  number.  Further¬ 
more,  sinco  the  smallest  digit  in  this  group  haG 
a  greater  significance  than  the  sum  of  all  digits 
to  the  right  considered  in  binary  or  any  other 
base,  the  result  of  subtracting  groups  to  the 
right  oannot  affect  the  sign  of  this  difference. 
The  size  of  this  group  and  the  meaning  of  the 
result  can  be  af footed,  but  the  sign  will  remain 
and  it  is  the  sign  we  are  after.  The  subtraction 
can  be  thought  of  simply  as  a  comparison  prooess 
where  the  result  can  be  obtained  by  examining 
the  first  unequal  pair  of  digits  starting  from 
the  left. 

c.  The  second  is  larger  than  the  first.  This  case 
is  the  came  as  b.  exoept  the  signs  are  reversed. 

Note  that  if  base  32  is  used  for  alphabetic  representa¬ 
tion  the  result  of  the  binary  subtraction  will  be  arithmetically 
correct  although  meaningless. 

An  example  is  given  below  of  the  oompanson  by  subtraction 
of  two  alphabetic  no&es  written  in  binary  oode.  The  code  used 
is  an  ascending  one  with  A«0,  B=l,  etc.  Subtractions  in  the  machine 
are  carried  out  by  oomplements  but  are  done  here  directly  for 
simplicity.  The  selection  process  for  determining  identity  is 
omitted;  the  purpose  of  the  example  is  simply  to  illustrate  that 
the  difference  has  the  proper  sign.  The  subtractions  performed 
are  truly  binary  and  the  magnitudes  of  the  differences  are  alpha¬ 
betically  meaningless. 


ADAMS s  0.00000 

00011 

00000 

01100 

10010 

-  ADLERs  0.00000 

00011 

01011 

00100 

10001 

1.11111 

mu 

10101 

01000 

00001 

Tho  result  is  negative;  therefore  ADAMS  come  before  ADLER, 


ADAMS 2 

0.00000 

00011 

00000 

01100 

10010 

-  AB0RN" 

0.00000 

00001 

OHIO 

10001 

01101 

0.00000 

00001 

10001 

11011 

00101 

The  result  iB  positive; 

therefore 

ADAMS  oome 

after  ABORN 
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Sinoe  we  are  die  criminating  only  on  the  sign  of  tho 
result  the  binary  subtraction  is  adequate.  For  example,,  if  two 
names,  considered  temporarily  as  havisag  the  same  number  of 
alphabetic  characters,  are  represented  as  suggested  in  paragraph 
1  above  and  are  subtracted  one  from  the  other  with  a  positive 
difference  as  evidenced  by  a  zero  sign  digit,  then  we  know 
immediately  that  the  first  was  greater.  If  the  difference  were 
negative  or  zero  bb  represented  by  a  one  sign  digit  then  we  know 
that  either  the  second  name  is  greater  or  the  two  names  are 
identical.  By  greater  I  mean  oomes  sooner  in  an  alphabetic 
sorting.  How  if  the  latter  case  obtains  we  can  determine  if 
the  two  names  are  identical  by  a  process  equivalent  to  that 
used  for  determining  the  equality  of  two  binary  numbers.  If 
a  1,  that  is,  the  smallest  possible  increment,  is  added  in  the 
right-most  place  to  the  difference,  the  difference  will  change 
sign  if,  and  only  if,  it  is  zero0  We  can  thus  determine 
identity. 

If  we  are  comparing  two  names  consisting  of  several 
parts,  for  instance  surname  and  given  name,  we  can  examine  for 
identical  surname  by  first  subtracting  one  from  the  other. 

In  the  check  for  identity,  however,  instead  of  adding  the  test 
one  in  the  right-most  place  we  will  add  it  in  the  right-most 
part  of  those  sections  we  are  comparing,  for  instance,  in  the 
right-most  digit  of  the  surname  part  only  of  the  words  being 
compared.  By  shifting  it  is  possible  to  put  seoond  or  third 
partB  of  the  alphabetic  information  in  the  first  part  section 
and  to  compare  on  the  basis  of  these,  having  discarded  the 
first  part.  Using  these  methods  it  is  possible  to  take  a 
string  of  random  names  and  put  them  in  alphabetic  sequence 
or  to  aort  through  a  sequence  of  alphabetic  names  correlating 
them  according  to  the  identity  of  given  names  or  surnames,  or 
middle  names,  or  initials,  or  any  other  criterion  desired. 

3.  The  problem  is  complicated  Bomewhat  if  numerical 
data  is  carried  along  with  the  alphabetic  data.  This  problem 
is  of  considerable  importance,  however,  for  in  general  the 
alphabetic  data  will  be  in  the  form  of  names  or  tags  or  position 
marks  along  with  which  are  carried  pertinent  numerical  informa¬ 
tion.  Once  again  it  is  necessary  to  set  up  some  sort  of  a 
convention  or  criterion  for  handling  this  problem.  If,  for 
instance,  the  extra  digit  in  Whirlwind  I  were  used  as  suggested 
above  for  marking  the  beginnings  or  ends  of  alphabetic  words 
requiring  more  than  one  regieter  length  in  the  computer,  the 
convention  might  be  added  that  information  appeared  only  in 
pairs  of  which  the  first  section  was  alphabetic  end  the  second 
section  numerical.  It  will  in  general  be  possible  to  assign 
a  fixed  number  of  register  lengths  to  the  numerical  information 
since  the  range  of  numerioal  data  for  a  given  quantity  is 
usually  considerably  less  than  the  range  of  alphabetic  data 
considered  as  numerical.  This  difference  is  due  not  to  a 
preponderance  of  alphabetic  words  over  numerical  possibilities 
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but  rather  to  the  greater  efficiency  of  numbers  as  compared  to 
the  written  equivalent  of  spoken  language.  In  any  event  it 
Bhould  be  possible  to  disoooiate  the  alphabetic  and  numerical 
parts  of  the  information  being  handled  either  by  index  marks 
carried  along  with  the  information  or  by  standard  conventions. 

In  particular,  once  the  numerical  part  of  the  information  has 
been  extracted  the  problem  of  applying  conventions  is  really 
no  greater  than  that  customarily  met  in  ordinary  computations. 

Since  the  kinds  of  operations  to  bo  performed  on 
alphabetic  data  appear  to  be  very  limited  it  should e° 
to  code  most  of  them  once  and  for  all,  the  ooding  being  simple 
enough  not  to  present  any  particular  problems  if  done  infre¬ 
quently.  The  use  of  sub-programs  should  also  facilitate  the 
construction  of  special  coding  sequences.  The  high  speed  and 
largo  storage  capacity  of  Whirlwind  computers  would  permit 
fast  handling  of  alphabetical  information.  Several  inpu 
tapes  could  be  controlled  simultaneously  and  che  internal 
Btorage  could  be  used  for  arranging  blocks  of  information  in 
order  before  reading  to  the  output. 

4.  The  output  printers  for  the  actual  printing  of 
the  numerical  results  have  not  yet  been  given  any  consider  a- 
tion  for  Whirlwind.  In  all  likelihood,  however,  these  Pinters 
should  be  able  to  print  alphabetic  information  as  well  “  tho 
form  of  headings,  groupings,  and  special  notes. _  The  printers, 
therefore,  must  be  able  to  decipher  alphabetic  information 
probably  appearing  as  codes  on  film.  If  the  Priat£8^®  1 
to  recognize  alphabetic  information  given  in  base  32  coded 
binary  such  as  is  proposed  for  the  handling  of  alphabetic 
information  in  tho  computer,  they  can  be  used  essentially 
without  modification  for  printing  alphabetic  information 
received  from  tho  computer.  It  will  be  necessary  for  the 
printer  to  discriminate  between  alphabetic  and  numerical 
information.  I  would  suggest  for  this  purpose  that  one  of  the 
spare  channels  on  the  film  be  used, 

5.  If  large  amount s  of  alphabetic  information  are 
to  be  handled,  our  presently  proposed  film  input  and  output  ^ 
methods  will  probably  not  bo  satisfactory  because  of  the  lai  ge 
amounts  of  film  required  and  the  difficulty  of  processing. 
SSSfliriy  in  certain  typos  of  sorting  and  collating  processes 
where  tho  total  body  of  information  must  bo  transferred  many 
times,  an  erasible  output  medium  would  bo  a  great  help.  Th® 
presently  proposed  equipment  should  be  satisfactory  for  handling 
small  quantities  of  alphabetic  information  in  occasional  problems 
If  the  machine  is  to  be  used  for  large  problems  of  this  type,  as 
for  instance  in  census  work,  an  eraslble  output  medium,  probably 
magnetic  tape,  should  he  developed  if  not  already  available  from 
other  sources.  The  required  modifications  within  tho  computer 
itself  should  not  be  serious.  ^ 


RBEsbb 


Robert  R.  Everett. 


coufidential 

6345 

Memorandum  M*-lll  2 ’age  i  of  ..0  pesos 


Proj gc  b  v/hi rewind 
Servomechani  saw  Laboratory 
Massachusetts  Institute  of  Technology 
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SUBJECTS  BLOCK  DlAfiBAM  V/(M( 

To  5  H0  Fahnestock 

.'iTS’oraS  Ho  H0  Everett 

.Unites  October  6e  3.94V 


Shis  memorandum  is  in  respono©  to  your  request  made  at 
a  conference  with  Sylvania  on  Friday t  September  12.  It  ie  aa  attempt 
to  list  tho  present  objectives  of  block  diagram  work  and  to  define  . 
the  expected  results  of  that  work  in  sufficient  detail  to  allow 
estimating  its  affect  on  Whirlwind  1  computer  design® 

I  hope  izi  the  near  future  to  produce  concrete  di a, grama  and 
timing  studies,  accurately  defining  the m  matters*  Thin  work  will 
ba  greatly  eixpedlted  by  the  return  of  E®  B®  Swain  who  in  expected  • 
early  this  month®  I  would  appreciate  comments  of  any  sort  on  tho  work, 
particularly  on  the  order  in  which  the  different  problems  should  be 
studied  in  order  to  beet  meet  project  needs® 

SUMMARY s  The  block  .diagrams  distributed  to  date  and 
described  in  R~127  (expected  publication,  date  October  15)  describe 
the  elements  of  a  working  computer®  She  control  and  arithmetic 
element  arc  ea  sent  tally  complete  as  they  stand.  The  storage  described 
da  the  test  storage  proposed  for  Whirlwind  X.  Tho  input  and  output 
devices  described  are  only  those  needed  for  this  teat  storage.  Before 
tho  block  diagrams  can  be  considered  complete  for  Whirlwind  X,  tho 
following  work  must  ba  done. 

1)  Tho  affects  of  adding  electrostatic  storage  must 
be  examined. 

2)  The  input  and.  output  devices  needed  in  order  to 
uao  Whirlwind  I  with  electrostatic  storage  at  all  efficiently- 
must  be  described  in  fair  detail® 

3)  Further  work  must  be  done  on  checking.  This  work 
should  include  specifying  not  only  additional  .equipment  required 
for  continuously  checking  computer  elements  but  also  more  or  lose 
complete  analyses  of  all  the  checking  methods  to  bo  used  for  . 
determining  and  isolating  failures®  This  latter  information  can 
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be  used  for  determining  troubleshooting  procedure  end 

na  cob 8 ary  equipment  as  v/elX  as  for  discovering  tho  information 

which  rau3t  bo  brous5.it  from  the  computer  to  the  control  Claris: 


4)  Tho  additions!  orders  required  ia  the  code  must 
bo  fully  investigated. 


5)  More  exact  methods  sad  timing  must  bo  determined 
for  generating  restorer  pul  sea  for  a  c  coupling*. 


These  problems  are  diect-osed  in  the  latter  part  of  thla 


memorandum* 


The  expected  effects  on.  Whirlvdnd  I  design  ares 


1)  The  roquir ament,  of  a  fair  number  of  gate  tubes 
and  matrix  epgpe  in  the  control  beyond  that  now  defined,  This 
provision  is,  I  believe,  being  made  but  should  be  adequate  for 
additions  beyond  those  conceived  at  pre Bento 


2)  Tho  possible  addition  of  a  special  register  for 
storing  program  counter  numbers  during  automatic  subprograms. 
It  way  bo  possible  to  avoid  tho  use  of  thla  regi  titer.  A  wtudy 
of  this  problem  could  probably  b©  made  in  a  few  days  if  worth- 
while  at  thla  times. 


3)  Modifications  to  the  program  counter  to  allow  up 
to  throe  special  pro-sot  numbers*  The  problem  is  the  same  aa 
that  presented  by  pre-setting  tho  stop  counter* 


4)  The  design  of  a  control  for  electro  static  storage 
Although  the. necessary  information  for  a  final  design  in  not 
available,  an  approximate  deoign  could  now  bo  made* 


5)  Design  of  shifting  rogi store  for  input  sad  output 
devices.  These  mast  be  designed  eventually  and  provision  mast 
bo  mode  for  connecting  them  to  tho  bus.  Control  cables  to  the 
registers  and  to  the  film  devices  themselves  are  needed. 


6)  Design  of  counter  controls  for  storage  buff  era 
between  computer  and  input  end  output  devices  aa  well  a, si 


counters  for  film  position.  The  same  comments  hold 


as  for  a. 


7)  Modification  of  tho  step  counter  to  provide 


restorer  pulses  durisig  lengthy  operations. 


8)  No  discussion  of  checking  or  control  desk  problem 
is  given  in  this,  memorandum. 
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IILEG  l*  HO  ST  ATI  0  STORAftB  CONTROL;'  Tho  possibility  of  con¬ 
siderable  change  end  the  uncertainty  of  time  requirements  have  \io  for 
prevented  any  exact  description  of  the  electrostatic  storage  control 
hut  a  possible  sequence  of  events  in  using  electrostatic  storage  has 
been  given  some  consideration®  An  outline  of  this  sequence  and  the 
necessary  control  equipment  :1s  as  follows; 

There  will  be  2  banks  of  .16  electro  static  storage  tubes  each. 
Two  32-way  switches  will  ba  provided,  one  to  set  the  vertical  deflection 
voltage  and  the  other  to  set  the  horizontal  deflection  voltage®  These 
voltages  will  be  applied  simultaneous].;'/  to  oil  tube3«  A  2-way  switch 
will  be  provided  for  selecting  which  of  the  2  storage  banks  is  to  be 
used. 

On  the  output  of  each  tube  will  be  a  3-po  sit  ion  :c lip- flop. 

When  this  flip-flop  is  set  to  its  neutral  position  it  will  be  switched 
to  one  position  by  a  positive  pu].se  and  to  the  other  by  a  negative 
pulse®  This  flip-flop  is  connected  to  the  bus  by  read-in  and  read-out 
gates  and  is  also  connected  to  the  screen  of  the  storage  tube® 

The  sequence  for  getting  information  from  the  storage  is  then: 


neutral), 


l)  Clear  all  storage  flip-flops  (i®e«,  return  them  to 

3)  Transmit  the  control  order  to  the  storage  switches® 


3)  A  period  of  time  will  be  required  for  the  deflection 
voltages  to  reach  their  final  values® 

4)  The  screens  of  the  storage  tubes  will  bo  set  to 
neutral  by  the  storage  flip-flops®  The  beams  of  the  tubes  are  now 
turned  on®  The  selected  spot  will  charge  up  or  down  depending  on 
whether  a  1  or  a  0  was  stored®  The  signal  coming  from  the  signal 
plate  will  thus  be  positive  or  negative  and  whon  applied  to  the 
3-vay  flip-flop  will  change  it  to  one  or  the  other  of  the  non- 
neutral  positions® 

The  connections  from  sc  re  en,  to  flip-flop  are  arranged  to  move 
the  screen,  to  the  original  potential  of  the  spot  charge®  it  is.  . 
necessary  to  keep  the  screen  potential  at  neutral  during  the  entire 
reading  step®  boms  sort  cf  corrective  delay  must  therefore  be  introduced 
between  the  signal  plate  and  the  screen  setting® 

The  3-way  switch  for  selecting  the  bank  may  be  used  either  to 
select  which  beams  are  to  be  gated  or  else  to  select  which  flip-flops 
are  to  bo  read  onto  the  bus® 

5)  The  flip-flops  are  then  examined  to  make  sure  that 
none  are  in  the  neutral  position®  A  flip-flop  in  neutral  position  would 


OOOTDMIAI, 


634.6 

1 3!.io r en&um  M- 111 


represent  the  failure  of  that  particular  tuba  to  rend  out, 

6)  The  row  of  flip-flops  will  then  "os  road  out  onto 
the  main  hug  and  the  check  bun, 

7)  The  flip-flops  remain  set  to  the  position  corresponding 
to  the  original  contents  of  the  tubes,,  The  stored  signal  in  the 
tuba  has  boon  ©rased  In  th®  reading  process.  The  screens  are  then, 
set  according  to  the  flip-flop  settings  and  th®  beams  again  pulsed* 
The  signal  will  thus  be  replaced  in  th®  tubes. 

The  outputs  from  the  signal  plat  a  a  during  th©  rewriting; 
procedure  will  be  sent  to  the  flip-flop  inputs  resetting  them  to  their 
neutral  positions,  Examination  of  the  pooitiema  of  all  flip-flops 
following  th©  restoring  will  discover  If  any  tube  has  failed  to  operate* 

At  the  close  of  the  operation,,  th©  origins),  contents  of  the 
storage  tubes  remain.  The  number  has  boon  rend  out  to  main  bus  end 
chock  bus  and  all  parts  of  th®  operation  have  been  chocked. 

The  us®  of  a  holding  beam  complicates  the  above  sequence.  It 
mey  be  necoesary  to  cut  off  the  holding  beam  during  writing  end  reading. 
It  will  b©  necessary  to  keep  the  screen  at  com©  potential  other  than 
neutral  during  th©  normal  holding  bom  operation.  It  may  even  be 
desirable  to  provide  3„  3- way  flip-flops,  on®  for  ©croon  potential  arid 
one  for  tho  number,,  connecting  them  by  gate  tubes  in  order  to  have 
bettor  control  over  screen  potential., 

<® 

Storing  a  number  is  done  in  similar  maimer.  Baponding  on 
the  timing,  tho  old  number  may  be  road  out,  the  flip-flop o  cleared  and 
re  sot  o  and  tho  new  number  stored  instead  of  the  old,  or  th©  new  number 
may  be  stored  without  reading  out  the  old. 

Because  of  th©  complexity  of  the  sequence  and  tho  lock  of 
knowledge  of  the  timing,  the  control  for  tho  electrostatic  storage  will 
be  a  separate  entity  from  the  main,  control  of  tho  computer.  The  control 
sequence  will  be  inserted  in  the  main  timing  sequence  in  the  same  amnner 
ass  oovar&l  of  tho  other  operations.  In  effect  this  spool©!  control 
sequenoe  will  be  inserted  in  place  of  the  delay  counter  delay.  At  is 
doubtful  if  th©  overlapping  which  will  be  resorted  to  in  the  case  of 
Whirlwind  II  for  the  purpose  of  increasing  operation  speeds  will  ba 
worthwhile  for  Whirlwind  I. 

INPUT  MD  OUTPUT  DEVICES^  Tho  input  end.  output  daviesa,  which 
are  under  development  at  Eastman  Kodak  Go.,  require  some  special  equip¬ 
ment  for  connecting  them  to  tho  computer. 
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A  single  mechanical  houoing  and  film  drive  design  is  planned 
the  device  'being  suited  to  Its  particular  purpose  by  difference!.?  in  the 
optical  and  electronic  systems,,  There  will  also  be  a  separate  design 
far  a  multiple" element  graphical  recorder. 


m.dXT.AX,  IE 


The  input  readers  consist  of  a  film  drive, 


a  cathode-ray  tube  and  optical  system  for  sweeping  a  spot  of  light 
across  the  film,,  and  e.  photocell*  The  film  has  stored  on  it  both  the 
number  and  its  complement*  Tho  reader  roods  both  number  and  complement 
and  sends  these  out  serially  on  a  single  cablOo  There  is  a  clutch  film 
drive  which  can  be  started  or  stopped  on  receipt  of  an  order  from  the 
computer* 

The  computer  equipment  is  as  follows* 

1)  Two  registers  capable  of  shifting*  The  information 
coming  serially  from  the  reader  is  shifted  into  the  end  of  the  proper 
register,  the  number  into  the  number  register  and  the  complement 
into  the  complement  register*  Following  this  shift  the  number  is 
added  to  its*’  complement  in  the  complement  register.  Any  reading 
errors  will  appear  as  discrepancies  in  the  sum,  . 

The  number  may  then  bo  read  from  the  number  register  onto  the 


2)  Xt  la  desirable  to  allow  the  computer  to  continue 
calculations  while  the  film  is  being  read,  A  possible  method  of 
accomplishing  this  end  and  at  the  same  time  simplifying  the 
ordering  process  is  as  follows. 

Allocate  a  section  of  storage,  perhaps  64  registers,  to  serve 
as  a  sort  of  flexible  connecting  link  between  the  computer  and  the 
tape.  Consider  this  section  as  a  ring.  Each  new  number  coming  from  the 
tape  is  put  in  the  first  vacant  space*  Bach  number  taken  by  tho 
computer  io  taken  from  the  first  full  apace*  Two  counters  keep  track 
of  the  positions  of  these  spaces.  If  the  reader  has  gotten  ahead  to  the 
extent  that  the  ring  is  nearly  full,  a  signal,  will  be  sent  to  the  film 
drive  to  stop.  If  the  ring  is  ompty,  the  computer  will  bo  stopped  to 
allow  the  reader  to  catch  up* 

3)  Another  counter  will  be  provided  for  each  reader  to 
keep  track  of  film  position  for  use  in  scanning  rather  than 
extracting  large  blocks  of  information*  Each  transfer  from  the 
reader  registers  to  storage  should  be  checked*  The  computer  must 
be  stopped  while  the  bus  end  storage  ere  in  use  for  this 'purpose* 

4)  An  input  typewriter  and  decimaL-to "binary  convertor 
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will  be  attached  directly  to  the  bug*  A  lumbar  can  bo  typed  in 
along  with  the  da  sired  storage  location*  l'ho  computer  will  then 
stop  Its  standard  procedure  long  enough  to  store  the  view 
Information,, 

DIGITAL  OUTPUTS;  The  output  writers  are  similar  to  the 
readers  except  that  the  root  of  light  from  the  cathodo«ray  tub®  rs  used 
to  expoee  the  raw  film  in  the  writer,, 

The  computer  equipment  is  as  follows; 

1)  Two  registers  of  the  same  typo  as  used  with  the 
reader 3o  Th®  number  from  the  bus  is  sent  to  these  registers,  the 
number  being  placed  in  one  .and  its  complement  in  the  other*  l’h® 
number  is  shifted  out  serially  onto  a  single  cable  to  the  writer * 
The  writer  records  both  number  and  complement ,  recording  lflo  S.a  th® 
number  lines  If  the  digits  shifted  in  arc  1' a  and  13g  in  the 
complement  lines  if  the  digits  shifted  in  & re  O'  e* 

’  2)  Photocells  are  provided  to  determine  if  the  writer 
haa  recorded  and  whether  It  has  recorded  in.  the  number  or 
complement  line*  The  recorded  digits  are  shifted  into  the 
vacated  and  of  the  number  register*  If  all  digits  have  been 
recorded  and  all  recorded  properly,  the  exact  number  will  have 
bean  replaced  in  the  number  register*  This  fact  is  checked  by 
adding  the  contents  of  the  number  register  Into  the  complement 
register*  The  result  should  be  ail  l°o* 


3)  A  buffer  section  In  the  storage  can  bo  provided 
for  each  reader*  lots  that  netting  up  those  buffer  sections  does 
not  prevent  their  use  for  internal  -computer  needs*  The  also  of 
the  buffer  section  can  bo  adjusted  at  will  by  setting  the  counter, 
or  the  section  can  bo  omitted  entirely  and  the  film  controlled 
by  direct  atop  and  start  orders* 

ANALOGUE  INPUTS*  In  general  these  will  bo  measures  of  shaft 
positions  or  other  mechanical  or  electrical  amplitudes*  One  or  more 
converter*)  to  binary  code  will  bo  provided*  The  computer  will  ootata 
the  desired  information  by  transmitting  to  the  convertor  first,  an  order 
to  convert  a  certain  quantity  and,  second,  an  order  to  transmit  to  the 
bus  with  th®  number  of  the  register  which  Is  to  receive  the  information* 
These  orders  will  bo  separated  by  enough  time?  (used  for  other 
operations)  to  allow  the  converter  to  select  the  desired  quantity  end 
perform  the  conversion*.  The  time  involved  is  unknown  at  present*  The 
converter  will  bo  a  self-containsd  unit  with  its  ovm  control* 

ANALOGUE  OUTPUTS ;  Such  outputs  will  b©  used  for  positioning 
open-cycle  or  closed-cycle  instruments  or  mechanical  server.*  In 
genera?-  the  conversion  will  bo  from  binary  code  to  an.  electrical 
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magnitude  which  can  then  be  transformed  into  any  desired  analogy.® 
quantity.  Several  converters  will  be  provided  depending  on  the 
number,  sensitivity,  and  accuracy  of  the  quantities  converted. 


The  number  to  be  converted  will  be  gent  to  the  converter 
unit  along  vdth  an  order  designating  the  ultimate  destination  of  the 
quantity  converted.  The  converter  will  perform  the  necessary  con¬ 
version  and  switch  the  result  to  the  desired  place.  Ho  further  orders 
are  required  but  care  must  be  taken  nob  to  order  another  conversion 
by  tho  same  unit  until  the  previous  one  is  complete,  if  another  con¬ 
version  is  ordered  before  the  convertor  is  ready  or  if  the  input 
converter  is  asked  for  information  before  it  is  available,  the  computer 
will  be  stopped  until  tho  orders  can  bo  carried  out. 

An  alternative  possibility  is  to  retain  the  now  order  until 
it  can  bo  performed,  tho  computer  proceeding  meanwhile.  If  the  order- 
storage  is  full,  the  computer  can  then  be  stopped.  Thin  method  would 
reduce  stoppage  time  for  a  given  care  in  programming  but  does  not  seem 
whorthwhile  for  Whirlwind  I, 


Graphical  recorders  are  but  one  form  of  analogue  output  and 
will  be  handled  with  the  others  except  for  the  addition  of  start- stop 
orders  and  possible  speed  selection  and  scale  factor  recording.  Scale 
factor  recording  might  be  carried  out  loss  efficiently  by  the  use  of 
another  recording  channel.  Another  possibility  is  to  note  scale  factor 
changes  by  some  definite  trace  in  the  recorded  channel, 

cumflKTNG  Aim  OOHTBOL  DESK;  This  category  is  probably  the 
least  understood. and  yet  most  important  of  all  at  this  time.  However, 
since  this  problem  is  to  be  discussed  in  detail  by  concerned  parties  in 
the  near  future,  it  seams  preferable  to  defer  its  discussion. 


ADDITIONAL  QgMSRSs;  These  orders  fall  into  three  categories: 

1)  Extension  of  co,,  $L,  cjj.  jag,  to  handle  absolute 
magnitude  of ' numbers.  Absolute  Magnitude  may  bs  obtained  using 
existing  orders  but  the  greater  speed  and  simplicity  of  special 
orders  seems  warranted  here.  It  is  estimated  that  further  equip** 
raent  includes  control  connections  end  possibly  two  extra  gate 
tubes  in  the  operation  timing  matrix. 

Into  this  category  also  go  possible  modifications  in  existing 
order®.  The  only  modifications  now  under  consideration  are  in  rounding 
procedures.  It  is  not  expected  that  additional  equipment  except  for  con«= 
trol  matrix  connections  will  be  needed  for  these  orders  even  if  they 
entail  tho  actual  construction  of  new  orders  for  different  rounding  pro¬ 
cedures  (as  mr  end  njl\)o 


2)  Orders  required  for  tho  control  of  the  input  and 
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output  devi ces« 

For  film  readers  - 

a.  Start  film  x  -  go  to  position  marked  by  next  order,, 
d0  Desired  film  poeitios;.* 
c„  Head  in  x  words* 

For  film  writers  - 

a*  Start  film  x° 

If  buffer  storage  sections  arc-used,  no  further  orders  wo 
necessary*  '  In  fact,  if  buffer  sections  are  permanently  allocated  to 
a  film,  no  orders  at  all  are  needed*  Stich  a  system  would  be  wasteful 
of  storage,  and  would  prevent  scanning* 

The  above  orders  require  control  lines,  control  matrix 
connections  and  control  gate  tubes* 

For  analogue  inputs  - 

a*  Convert  quantity  x< 

b*  Store  last  converted  quantity  in  storage  register  x* 

For  analogue  outputs  « 

a„  Convert  quantity  supplied  and  seed  to  x„ 

bo  Start  film  s,  at  speed  xp„ 

Scale  factors  cron  probably  be  recorded  in  the  asm©  channel  t>y 
special  marks  or  in  a  separate  channel* 

Co  Orders  for  automatic  subprograms* 

Tho  coding  of  Whirlwind  I  with  its  short  register  length  would 
be  simplified  in  many  problems  if  multiple  length  number  operations  could 
be  ordered  as  simply  as  single  length*  In  Whirlwind  II  ouch  a  fecnLw 
might  also  be  desirable,  for  instance  in  ordering  interpolations  or 
multiple  length  number  operations*  ®he  system  proposed  is  bas.ioa...~y  a 
way  o?  allowing  the  operator  a  small  number  of  special  operations  co  bo 
selected  at  random  by  himself  and  handled  as  if  they  were  ora  it  in*  the 
computer.  The  following  method  has  boon  proposed* 

Three  orders  bto  needed*  Ono  giveo  the  number  o.c  the  register 
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Uj,i„  *he  .p-ir-st  half  of  the  first  number  te  be  operated  ou.  - 
^condVwe/the  number  of  the  register  .holding  the  iixat  lXal;  ®- " 
rto^er  to  ho  operated  on.,  *he  third  gr.ee  the  numeer  of 

too  register  r»«H  1.  to  W*  tto  mot  of  tha  Wi^.  te 

CSJwH^S*  iho  krot  W«.  one  of  toe  three  orders  «ct 

designate  the  operation  to  -he  perio.-.mecu 

The  3-order  register  numbers  era  made  available  to  the 
subprogram  as  follows* 

A  nev,  order  1b  derived  which  does  the  following  - 

1)  Transmit  a  the  contents  of  AO  to  BFU 

2)  Transmit  a  the  contents  of  Att  to  AC. 

3)  Transmits  the  order  itself  to  AR. 

Two  applications  of  this  order  will  store  the  first  two 
orders  in  AH  and  ACc  Another  new  order  is  needed  which  - 

l)  Does  the  same  as  the  above  order » 

3)  In  addition,  transmits  the  contents  of  3?G  to  some 
special  resistor  pro-sided  for  its  oton©>.  .'fV'.fSSnor  to 

to . a^af  „rs  toS  i?v; 

lift  2'Jo  toftLtoto"  of  PC- to  electronic  storage. 
Tf  thin  So  oo-aSVlo.  aad  some  tilling  studios  ahonltl  cUscovii 

if  Zl  U  »,  the  extra  resistor  so  «U  a*  m  «**»  «to 

can  be  avoided. 

3)  Sato  PC  to  one  of  several  possible  permanently  (^» 
3  east  oeoi  -permanently)  selected  register  numbers,  o 

Z  l  Jr  of  these  orders  as  there  are  special  operations  *o  he 
a  TZa  Tn  Whirlwind  X  there  might  bo  3  for  addition,  sub- 

Fr:t^  rss  ~ 

to-inolng/to^nlnhor  set  In  Id.  ®»  totprograM My  »a» 
praams  of  their  mm.  *»  s<*progva»s  met  »»  <*®e»  a.  v,Ui 
even  at  the  behest  of  the  machine  itself. 

The  result  of  3  applications  of  the  first  order  above 
followed  by  1  application  of  an  order  of  the  second  kind  -e. 


•ttj  v wsTfil* 
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1)  The  desirod  'register  numbers  «nr«  ■h'-.- r.f ; ' ^r.-i 


trO  ij  -:' 


order  2.i.\.viB?..r  ■■;,o  union  tne 


>m  sj.avj.cL 


Tho  r,u'hp'fogy.‘.ii}  V:?lf  ei 
order  in, Ad  by  a  .tn  or  td  order 


ord  ixc 


to  AO  acd  removed.  The  order  j..jln.  A ft  is 
asm  a  type  of  order  as  put.  ir/yui.  in  the 
tiis a.  proceeds. 


transferred 
first  place. 


j.«  ;•'■■  i.’oaov'1  the 
th on  i ran 3 fo r r e  cl 
AO  using  the 
The  subprogram 


When,  the  subprogram  in  complete  the  last  order  Is  a  sub¬ 
program  order  returning  the  control  to  the  main  program,  If  a  special 
register  is  used  for  storing  the  return  number,,  a  special  order  is 
needed,.  If  the  return  number  is  stored  in  electrostatic  storage,  the 
standard  subprogram  order  will  suffice :.  tho  number  being  transferred 
to  it  by  a  M  order. 


R'SSTOHKTt  PULSES f.  At  present  the  restorer  pulses  are  to  be 
generated  by  the  delay  counter  during  storage  setup.  The  high  speed 
33-position  switch,  removes  the  necessity  for  the  delay  counter  which 
remains,  however,  as  a  restorer  pulse  ocurca .  When  electrostatic 
storage 'Is  added  the  restorer  pulses  can  be  generated  by  the  storage 
control.  Certain  operations,  particularly  division,  require  sufficient 
time  between  storage  operations  so  that  restoring  must  be  done  while  they 
are  being  carried  out.  The  step  counter  may  be  need  for  this  purpose, 
stopping  the  flow  of  clock  pulses  part  .way  through  the  operation  and 
generating  a  pair  of  restorer  pul  so  s  in  the  off  interval* 


An  alternative  is  a  restorer  pulse  generator  which  counts 
clock  pulses  and  generates  restorer  pulses  at  regular  intervals. 

This  possibility  has  been  discarded  in  the  past  as  wasteful  since 
restoring  can  usually  be  done  at  times  v;hsn  the  computer  is  normally 
idle.  If  more  accurate  information  as  to  electrostatic  storage  control 
timing  were  available,  a  final  decision,  as  to  restorer  pulse  sources 
and  timing  could  bo  made. 
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Dates  October  90  194? 


The  Sylvanla  schedule  calls  for  starting  design  of  cabinets 
November  3#  This  moans  we  mu at  have  a  good  estimate  of  number  of .cabinets 
and  their  height  by  that  time,,  A  critical  cabinet,  Is  that  which  will  hold  tho 
at! throstle  Element  and  tho  Register  Panel#  Arithmetic  Element  deolga  lr»  under 
way»  We  must  boom  decide  what  the  Register  Panol  must  carry#  Tho  Sylvanla 
schedule  also  calls  for  starting  tho  Register  Panel  final  design  November  10# 
Accordingly  with  reference  to  M“lll„  1  would  ro commend  tho  following  priori  ties 
for  our  informations 

A)  page  2e  (2) #  Must  we  add  special  register  for  storing  program 
counter  numbers  during  automatic  nub-pro gram? 

B)  page  20  (8)o  Gan  we  do  high  speed  spot  chocking  by  using  tho 
present  chock  register e  601 9  without  adding  tho  recently  dlrseueseft 

%  “memory  check  register"? 

0)  page  20  (5)o  Must  we  add  four  registers  for  input  and  output  or 

can  wo  get  along  with  two?  Pornieh  complete  functional  specifications 

D,}  page  2„  {3)»  Program  counter  modification  details  needed  November  10  = 

JS)  page  2,  (I)#  An  estimate  on  amount  of  additional  matrix  space  before 
Brown  wants  to  start  matrix  design# 
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.Project,  Whirl5, fi  nc:. 
Servomoehonl  ©as  Lat-o r  at  o  :<*y 
Massachusetts  Institute  of  Technology 
Cambridge  „  Massachnsett  a 


SUBJECT} 

ADD!  TI ONAL  REGI 3T15R 

S  FOR  VflgjttfflLI 

To: 

Kerris  Fahnestock 

Prom*. 

Robert  R«  Everett 

Date; 

October  23,  194V 

In  response  to  -our  request  for  farther  Information  about  the 
number  of  additional  registers  needed  for  Whirlwind  I  beyond  those 
already  described  in  the  block  diagrams r  I  have  made  a  brief  st or-y  ex  tto 
problem  with  the  results  given  in  this  memorandum.  These  results  may  o© 
summarised  as  follows} 

1)  A  separate  trouble-booting  register  will  not  be > 
needed.  The  present  check  register  or  the  proposed  input  and  ov.'upiv, 
registers  can”  be  satisfactorily  used  instead. 

2)  a  separate  register  for  storing  program  counter  contents 
as  part  of  automatic  subprogramming  will  not  be  needed.  On©  of  the  rega„a/.' 
electrostatic  storage  registers  can  be  used  instead. 

3)  One  pair  of  stepping  registers  for  input  and  output  is 
needed  but  is  probably  enough,  at  least  at  first.  Mother  pair,  perhaj?© 
io  a  small  package,  could  bo  added  in  the  future  if  problems  being  handled 
aoem  to  warrant  it.  This  requirement  should  not  arise  for  at  least  two 

years. 

I  believe  these  three  points  cover  the  problems  in  which  you 
are  roost  interested  at  this  time.  The  special  controls  needed  for  these 
services  as  well  as  additional  equipment  to  be  added  to  existing  registers 
have  not  been  detailed  and  cannot  bo  until  the  checking  problem  aes  ^ 
received  more  consideration.  I  hope  to  have  out  next  week  for  comment  a 
preliminary  memorandum  on  chocking. 

The  rest  of  this  memorandum  consists  of  some  discussion  of  items 
1  and  2  above.  This  disucsssion  is  gl-en  to  substantiate  the  coacliisiona 
drawn  and  for  criticlem. 

* 

Pmy  sB  of  Trouble-Shooting  Register  TSR;  All  elements  of  the 

computer  including  those  not  now  so  fitted  are  to  have  gets  tubes  for 
reading  out  to  the  main  bus.  A  t~s  register  with  gate  tubes  for  reeding  in 
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from  the  'bus  can  then  receive (  upon  re cue at,  the  contents  of  any 
computer  element.,  -'-his  reception  can  to  carried  out  at  high  speed.,  li 
2SK  is  not  i  mined! ately  roused,  its  contents  can  he  read  from  its  neon 
bull)  indicators,.  The  contents  of  any  part  of  the  computer  can  thus  ho 
examined  visually  although  the  contents  so  examined  occurred  during 
high-speed  operation.,  Manually  set  counters  and  sv, 'Itches  must  he 
provided  for  selecting  the  element  and  time  for  reading# 


Advantages  over  Step-hy-Step  Operation;  The  advantages  of 
this  system  over  the  step  -by » step  operation  system  are 


operation* 


l)  Information  is  obtained  during  normal  computer 


2)  It  should  be  easier  and  faster  to  sat  switches  and 
get  essentially  instantaneous  results  than  to  push  the  single  pulse 
button  many  tinea*  The  counter  system  can  ba  used  for  getting  the  computer 
in  some  desired  position  for  starting  &  step-by-step  process  or  can  be 
used  to  stop  the  whole  computer  for  complete  examination  or  for  performing 
a  step-by-step  operation  where  the  steps  are  no  longer  single  time  pulses 
but  groups  of  time  pulses,  either  regular  or  irregular  in  length,.  If 
this  equipment  only  is  added,  the  flexibility  of  single  pulse  operation  is 
greatly  extended  but  the  additional  equipment  needed  for  TSR  is  greatly 
reduced*  In  fact,  if  TSH  can  be  combined  with  OH,  very  little  computer 
equipment  is  needed  for  the  high-speed  examination*  The  control  equipment 
will  be  very  valuable  in  examining  control  pulses  and  computer  operating 
details  in  general* 

Examining  Multiple  Quantities;  With  a  Ingle  SR  it  will  be 
possible  to  examine '  only  one  register  at  a  time*  It,  would  bo  very 
desirable  to  be  aole  to  examine  several.,  either  the  same  one  or  different 
ones  at  different  times.  There  jito  several  possibilities  proposed  for 
this* 


1}  Provide  several  banks  of  neon  bulbs  along  with  TSH* 
Those  neon  bulbs  are  driven  from  TSR  but  arc  provided  with  gate  tubes 
o»&  holding  circuits  so  that  they  may  register  the  contents  of  TSR  s.t 
different  times,,  TSH  is  probably  still  needed  since  it  can  be  set  in  a 
microsecond  while  the  neon  bulbs  are  slower  acting*  It  is  at  the  moment 
undecided  whether  to  provide  sufficient  counter  controls  to  select  all 
quantities  to  be  registered  in  a  single  computer  sequence  or  to  perform 
the  selection  manually,  requiring  long  time  intervals*  In  the  latter 
case,  the  neon  bulb  banks  servo  as  storage  elements  and  remove  the 
necessity  fox-  writing  down  register  contents  for  comparison. 

Another  desirable  feature  would  be  a  comparison  circuit  which 
would  automatically  compare  a  neon  bulb  bank  either  with  TSR  contents 
or  with  a  set  of  toggle  switches* 


■.riii'iaviisttJHitr^swp  ;; 
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S)  Use  the  stepping  register:.  .for  input  toad  output  to 
suoply  information  to  a  cathode-ray  tube.  As  marry  quantities  could,  ho 
examined  as  lines  could  bs  provided  on.  the  GET  face,  A  difficulty  with 
this  system  is  that  the  information  would  have  to  ho  available 
recurrently  for  continuous  vision,  She  multiple  control  would  be  needed 
if  more  then  one  quantity  were  under  consideration.  Possible  ways  out  of 
this  difficulty  are: 


a)  Continuous  recirculation  of  a  number  in  the  stepping 
register,  She  register  forms  a  delay  storage  element 
which  could  provide  a  continuous  display  with  only  one 
setting,  The  second,  stepping  register  might  bo  used 
to  give  a  maximum  of  two  displayed  quantities. 


h)  Use  a  long-persistence  or  dark-trace  tube  which  would 
require  only  a  single  sweep  for  continuous  viewing.  !■ 
single  control  would  suffice  for  this  viewing  means. 


c)  Use  the  regular  film  output  device.  With  automatic  develop¬ 
ment  the  approximate  delay  time  between  exposure  and 
visual  examination  would  bo  three  to  five  minutes  which 
is  ordinarily  excessive.  It  might  bo  possible  to  perform 
a  non-permanent  developing  «3ob  in  loss  time. 


Use  of  the  stopping  registers  should  be  seriously  considered, 
An  automatic  comparison  can  be  easily  made  using  the  second  stepping 
register  with  switch  inputs  since  comparing  circuits  are  require!  for 
normal  uses. 


TSR  Control:  The  control  for  any  of  the  TSR  methods  might  bo 
about  as  follows; 


].)  Type  .in  on  the  direct  input  typewriter  a  subprogram 
order  to  start  at  some  desired  place  in  the  sequence.  If  a  at  under  d 
trouble -shoo  ting  sequence  in  being  used,  this  operation  is  unnecessary.. 


2)  Set  the  order  number  counter  for  the  operation  number 
following  the  start,  in  which  the  examination  is  to  be  mad©. 


in  to  be  made. 


.3)  Set  the  TP  counter  for  the  TP  number  when  examination 


TED  if  desired. 


4}  Set  high-speed  TP  counter  for  selecting  TP 


not  in 


5)  Set  selector  switch  for  quantity  to  be  determined. 


When  the  time  determined  by  the  counters  arrives,  the  clock 
is  shut  off.  The  desired  quantity  is  road  out  to  the  bus  and  from  there 
to  TSR.  The  clock  is  then  restarted  and  the  sequence  proceeds. 


all.f  >  tiiii H~':  irtx. 1  .1.1 
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'Che  multiple  control  would  require  several  sai/tj  ugs  on  oa-ch 
counter.  When  the  first  setting  of  the  order  counter  ia  roached,  a 
gate  tub©  is  opened  which  can  then  oe  pulsed  when  the  TP  counter  i’s*.cbee 
its  first  setting,  'five  output  of  this  gate  tube  can.  tnon  open  a ^ gate 
tube  for  the  high-speed  TSJ  counter'  first  getting,  The  second  se.ui.agr; 
are  also  lined  up  by  gate  tubes.  She  quantity  selector  switch  can  else 
be  gated  by  the  order  counter  setting.  Assuming  five  possible  measured 
quantities,  five  settings  are  required  for  each  counter  and  the  switch.. 

If  the  settings  are  not  completely  distinct,  i.e.,  use  tho  same  order 
number,  clock  pulse,  or  quantity,  it  is  only  necessary  to  make  the 
proper  settings  the  same,  if  less  than  f  r  vs  quantities  aro  using  rosasmed 
the"  unused  settings  can  oe  left  random  or  a  switch  for  blanking  uunsGO. 
settings  may  be  provided. 

Clearing  and  restarting  pulses  will  be  required  as  well  as  a 
switch  for  automatic  comparisons. 

Conclusions;  Xt  will  be  seen  from  the  above  discussion,  that 
the  proposal  for  the  use  and  control  of  TSR  i b  still  neoulous.  Any 
thoughts,  suggestions,  or  simply  desires  which  anyone  has  would  be  very 
valuable.  There  is,  I  believe,  enough  information,  however,  to  consider 
tho  present  problem  which  is  whether  pr  not  an  additional  register  beyond 
those  so  for  considered  is  needed  for  T3R  functions. 

There  are  two  possibilities  for  performing  TSR  functions  with 
present  equipment; 

l)  Use  the  stepping  input  and  output  registers  as 
described  above.  If  the  CRT  display  is  used,  these  registers  are  not 
only  possible  but  desirable. 

a)  They  are  thoroughly  checked  in  their  normal 
operation. 

b>  They  are  not  s  part  of  normal  computer 
operation-, 

c)  They  not  only  receive  from  the  bus  but  also 
step  and  compare. 

d)  It  is  possible  to  moke  automatic  photographic 
records  of  the  checking  results.  It  might  bo • 
desirable  to  make  the  computer  c-r  a  separate 
comparator  perform  a  comparison  between  the 
tope  so  obtained  and  a  standard  trouble¬ 
shooting  tape  made  for  the  particular  check 
nroblem. 


5345 

i/i  eraorandvan  M-X2S 


oo! mvm'Mii 


e)  If  neon  bulbs  aro  wanted,,  they  are  already 
available  for  a.  single  quantity  and  can.  be 
put  in  banks  for  multiple  quantities* 

2}  iJsa  the  check  register  OR,  The  use  of  this  register 
was  the  first  thought  for  avoiding  a  separate  TSR* 

a) .  Although  a  part  of  the  normal  computer 

operation  OR  can  be  removed  from  the  system 
without  affecting  computed  results*  The 
transfer  check  is  lost  but  this  check  is 
complete  enough  so  that  if  the  trouble  :1s 
there  it  can  bo  isolated  and  corrected  by  other 
means*  A  small  complication  in  the  control  :1s 
needed  to  allow  removing  tho  transfer  check* 

b)  Multiple  quantities  can  be  examined  using  noon 
banka* 

As  considered  at  present  there  is  no  desirable  function  that 
could  be  performed  by  a  separate  TSR  that  cannot  be  done  as  well  oy 
existing  equipment*  It  does  not  seem  worthwhile  to  plan  on  a  separate 
register  for  trouble-shooting.  The  control  for  trouble-shooting  should 
be  worked  out  in  detail  as  soon  as  checking  ideas  have  been  crystallised. 

STTBPROGRAM  STORAGE  REGISTER 

Pp-rposo  of  Subprogram  Storage  Register:  She  automatic  subprogram 
described  in,  M-lll  requires  for  an  important  part  of  its  operation,  sonic 
place  where  the  content 3  of  tho  program  counter  PC  may  be  stored  without 
requiring  s  separate  order*  It  is  qIbo  necessary  that  this  place  bo 
always  tho  sums  so  that  PC  may  be  easily  restored  to  its  previous  condition 
at  a  future  time*  it  was  originally  proposed  that  this  storage  place  be 
a  separate  flip-flop  register. which  had  no  other  use,  A  desirable 
alternate  Is  to  use  one  of  tho  regular  electrostatic  storage  registers 
thus  gaining:: 

1)  The  oamo  result  with  less  equipment* 

2)  The  ability  to  remove  the  stored  information  using 
orders  already  available  within  the  machine* 

There  is  no  basic  reason  why  electrostatic  storage  cannot  bo 
used*  Tho  question  is  simply  on©  of  whether  the  necessary  operations  can 
be  fitted  into  the  time  available.  The  study  is  complicated  by  the  fact 
that  the  timing  diagrams  for  the  automatic  subprogram  have  not  yet  been 
worked  out* 

Tho  operations  that  must  bo  carried  out  during  automatic  sub- 
programming  ares 
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3.)  Clear  BR 

3)  Transfer  AC  to  BR 

3)  Clear  AO 

4)  Transfer  AR  to  .AC  * 

5)  Ola  a3"  AR 

6)  Tran. filer  Storage  to  AR 

7}  Ml  to  Bus-transfer  Check 

This  same  sequence  Is  used  In  the  earlier  orders  of  the 
automatic  subprogram.  Soo  M-11X ,  pp  8-10 „ 

She  storage  switch  is  sat  on  TP5«.  If  steps  1  through  5  are 
then  performed,  the  read  in  from  storage  cannot  bo  done  until  TP 3  of 
the  next  cycle  which  is  very  bad  since  the  bus  use  is  pretty  well  fixed. 

Step  6,  the  transfer  on  the  bus  from  storage  to  Ml  must  be  done  on  TP? 
if  the  whole  computer  timing  is  not  to  be  disrupted.  To  accomplish 
this  end  note  that  the  automatic  subprogram  order  which  actually 
determines  the  operation  is  different  from  the  two  which  precede  it  and 
which  simply  insert  orders  in  AS.  These  two  orders,  which  axe  desirably 
Identical,  do  not  have  the  extra  complication  of  the  subprogram. 

Therefore,  resequence  bheso  operations  as  follows? 

l)  Clear  AH  «.  Clear  BR 

2}  Transfer  storage  to  All  and  AC  to  BR 

3)  Clear  AC 

4)  AR  to  AC 

The  first  application  of  this  sequence  puts  the  first  order  in 
AC  with  A3,  open.  Tho*  second  application  puts  the  first  order  in  BR  aid 
the  second  in  ACt  again  with  AR  open.  How  use  the  following  sequence  for 
the  automatic  subprogram. 

1)  Clear  AR 

2)  Transfer  storego  to  AC 

The  result  is  the  first  order  in  BR,  the  second  order  in  AG, 
and  tho  third  in  AR  as  before  but  now  all  bus  transfers  can  be  done  as 
eerly  us  TP7  as  do  sired,, 

The  price  to  be  paid  for  this  change  is  that  there  is  no 
longer  any  method  available  within  the  standard  orders  for  getting  the 
order  out  of  AH,  This  step  could  have-  been  performed  in  tho  other 
sequence  simply  by  another  application  of  that  sequence*  Tho  price, 
however,  is  only  another  order;  In  fact,  the  order  previously  required 
to  get  information  out  of  tho  special  sp  storage  register  may  be  used 
resulting  only  in  leas  of  a  gain  for  the  now  system  than  at  first  supposed,, 


Returning  now  to  this  new  sequence,  tho  transfer  to  AR.  is 
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checked  on  TP8„  ®P3  ie  usod  to  transfer  FC  contents  to  tho  storage 
switch.,  TP1  is  open  and  can  ho  used  for  transferring  PC  content 3  to 
storage.,  Shore  ie  no  time  available  for  checking  this  transfer  if  the 
main  sequence  time  pul  sea  are  used.  She  transfer  check  car.  be  omitted 
in  this  case  (not  very  bad  since  all  elements  concerned  arc-,  used  and 
checked  at  other  times)  or  the  check  can  be  accompli  shod  while  the 
storage  control  has  charge  „ 

She  delay  counter  (or,  actually 6  the  electrostatic  storage 
control)  must  be  started  if  the.  storage  is  to  receive  the  program 
counter  number.  The  time  required  for  this  operation  will  thus  be 
longer  than  normal  but  will  do  no  harm.. 


In  order  to  simplify  the  storage  switch  and  al so  to  remove 
the  need  for  clearing  the  switch  before  the  next  order  is  set  up,  use 
the  all  0*s  or  cleared  register  position  for  storing  the  counter  number 0 
On  present  timing  diagrams  the  storage  switch  clear  pulse  is  put  in 
T.Plc,  It  can  ,just  as  well  be  in  TP 80  Then,  for  automatic  subprogram 
start  the  delay  counter  or  control  at  TPS  also.  This  will  bo  done  by  the 
operation  control «  On  TP!  read  out  of  PG  onto  the  bus  and  into  storage. 
TPS  will  find  the  storage  aw  Itch  clear  and  ready  to  receive,, 


The  timing  of  this  and,  for  that  matter,  all  the  other 
operations,  is  dependent  upon  the  final  timing  of  electro static  storage. 
However,  it  seems  reasonable  to  assume  that  if  the  new  operation  can  be 
performed  In  the  present  timing  sequence,  there  'is  as  good  a  chance  that 
it  can  be  done  later  as  any  of  the  others. 


final 

so  queue  •  is  then 

TPS 

Clear  AH 

TP? 

Storage  to  M 

TPS 

Transfer  Check 

tt 

Clear  Storage  Switch 

it 

Start  Pal  ay  Counter 

TP1 

Program  Counter  to  Storage 

it 

Set  Program  Counter  (Delay 

TPS- 

3-4  Hot  weed 

The  electrostatic  storage  can  ha  used  for  the  automatic  sub¬ 
program  return,  order  storage  and  the  operation  fitted  into  the  present 
timing  sequence,, 


Robert  Ik 


Everett 


Bid’  i  has 

Copies:  JOT,  HHB„  NT,  DHB,  GWW,  JACHIJ,  SHD,  B.B.,  JOB,  FES,  Sylvanla(S) 
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Project  Whirlwind 
Bervomechani smc  Lahov&tory 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 


SUBJECTS  CHECKING 


Jay  Wo  Forrester,  1).  R.  Brow.  H.  Taylor,  H.  Pahno stock, 
C„  W,  Watt,  J.  A,  O'Brien 


pyom;  Robert  R»  Everett 


Date?  October  27,  1947 


TT  •$*%£  Lilian. 

**  is  «** 
and  la  intended  mainly  o,a  a  basin  foi  diacneoione 


The  memorandum  first  oonaidera  the  elements  of  the  counter  in 
order  with  their  possible  failures  and  ways  of  checking.  kms.xdo..a,...  . 
Is  then  given  to  check  problems  and  troubleshooting  problems. 


jj  g'j  OP  'PhTPCS  TO  BE  CHECKED’ 


100  CONTROL 


101  Master  Clock 


a)  Producing  pulses  without  skipping, 
h)  Pulses  of  right  size  and  shape . 


102  Program  Counter 


a)  Read  out. 
h)  Read  in. 
o )  Count 


103  Program  Register 


a)  Read  out . 
o)  Read  in. 


104  Control  Switch 


a)  Proper  setting. 

b)  Unused  setting. 
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106  Sima  False  Distributor 

a)  All  pulses,, 
la)  lb  extras o 
o)  Bight  sequence® 

108  Generation  of  Program  TP 

200  STORAGE 

Storage  Switches 

a)  Switches® 

h)  Be fleet! on  amplifier s» 
Storage 

a)  Head  out® 

b)  Head  in® 

c)  Storing 

Stox-ege  Control 

300  ffiliffllLHil 

301  AB 

a)  Receiving  from  bus® 
h)  Transmitting  to  AC® 
c)  Aha®  value® 

302  AC 

a)  Receive  from  AR® 
h)  Transmit  to  BR® 

c)  Md® 

d)  Carry® 
a)  Shift® 

f)  Divide  shift® 

g)  Shift  and  Carry® 

h)  Abs®  value® 

303  BR 

a)  Re<u  V'ing  from  AC® 
h)  Shifting  r  and  1® 
o)  Examination  of  rt®  digit 
d)  Roundoff® 

304  Signal  Gonti’ol  flip-flop 
a)  Set® 

v  b)  Besot, 

•  Arithmetic  Chech 
Special  Md 
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305  Stop  Counter 

a)  Clearing. 

b)  Setting# 

c)  Counting# 

d)  End  pulse # 

306  and  307  Flip-flop  Controls 
308  Divide  TPd 

400  and  500  INPUT  AMD  OUTPUT 
600  CHECKING 

Transfer  Check 

OTHER 

Mathematical  Checks 

Check  Problems 

Troubl  e-  shoot  Ing  p  roll  em  a 

CHECKING; 

101  Master  Clock 

Possible  Failures 

a)  Complete  Stoppage  * 

b)  Missed  pulse# 

c)  Frequency  variation# 

d)  Loss  of  pulse  shape# 

C HBG KI NG  METHOD :  «  A  pulse  checker  on  the  line  from  the  Master 
Clock  will  check 

1)  For  pulse  height  and  shape  (Checking  (&))<- 

2)  Tima  be  Wean  pulses  (Checking  (a),  (b),  find  (c))# 

Small  variations  in  frequency  will  be  unimportant  since  the 
machine  is  asynchronous#  If  desired,  a  more  accurate  frequency  check 
could  be  employed#  Actually,  a  missed  pu3.se  would  do  no  harm  except  as 
an  indication  of  serious  trouble# 

If  there  are  two  frequencies#  a-missod  pulse  one,  not  tbs 
other,  could  be  very  troublesome# 
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The  chock  for  apace  between  pOXm  oehld  he  changed  with  tie 
-  ,lr  p.,j,  Qff  On  sJ  n^l e  pula®  operation  it  would  be  desArabio  t  >  •> 

Un W  height  i*  chape  and  also  to  check  eeatnat  f  ^Tf/^a 

wore  than  one  pulse.  With  operating  frequencies  below  norma-  Ufu  ~ 
for  trouble-shooting  purposes)  the  check  tor  pulse  space  coil  .  e.~  iQi 

adjusted  or  omitted. 

102  Program  Counter 
Possible  Failures 

a)  Failure  to  count  at  all. 

b)  Miscount. 

c)  Improper  read  out. 

d)  Improper  read  in. 

fh  d  /d)  er0  checked  by  the  transfer  check.  An.  Investigation 
Should  be  male  to  LL  sure,  the  transfer  check  is  complete  on  ell  Program 
Counter  operations. 

(a)  might  bo  checked  by  mixing  switching  signals  and  checking  to 
make  sure  at  least  one  flip-flop  switched. 

(b)  is  most  difficult  to  check  without  duplicating  the  counter. 

A  proposal  is; 

For  checking  a  counter  without  high-speed  carry  =» 

Mote  the  following; 

1)  kt  each  addition  there  is  exactly  one  flip-flop  that 
witches  from  0  to  1.  An  exception  is  the  addition  that  overflow  .l»  coasts:. 

2)  Mo  section  of  the  counter  can  switch  unless  the  previous 
section  has  switched. 

Take  the  outputs  of  the  0  sides  of  the  flip-flops  (that  iss  tea 
E 5,4a a  opposite  from  those  that  generate  triggers  for  switching 
1  Unte  (l)'  above  states  that  ono  and  only  one  of  oho  fl,.p -flops 

ssriJSr.wSs « «*.  —  **  •«*  -*«»•  **- " 

them  as  in  the  figure  below. 
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Memorandum  M--I37 


The  add  pulse  comes  in,  resets  the  flip- £3. op,  ana  opens  &T0 
If  no  pulse  comes  from  the  0  sides,  the  GT  will  remain  on  and  the 
delayed  add  pulse  will  sound  an  alarm,  If  one  pulse  comes  in  from  the 
0  sides,  the  flip-flop  vdll  switch,  GT  will  go  off,  and.  there  will  bo  no 
alarm.  If  two  pulses  ohms  in,  the  second  will  reset  the  flip-flop,  the 
reset'  signal  going  out  the  alarm  Tine.  More  than  two  ere  unimportant 
since  the  alarm  will  have  sounded, 

for  checking  a  counter  with  high-speed  carry  - 

The  above  method  can  be  used  but  is  only  a  partial',  check  since 
a  flip-flop  can  fail  to  reset  (go  from  1  to  0)  without  affecting 
succeeding  sections..  Since  the  number  of  resets  in  an  addition  :LS  a 
variable,  a  chock  similar  to  that  above  must  be  modified. 


If  a  carry  GT-,  is  open,  the  add  pulse  will  pass  through  and 
add  into  the  next  flip-flop.  Meanwhile  the  pulse  vdll  have  added  into 
the  first  flip-flop  and  resetting  to  G„  If  the  reset  fails  taj-operate. 
the  GT  and  GT  will  remain  on.  The  pulse  that  has  passed  through  GT^ 
is  delayed  and  sent  back  through  G1V,.  If  GTg  is  still  open,  the  alarm 
will  ho  undo 
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Memorandum  M-127 


A  simpler  version  'but,  roughly  the  same  idea  las 
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If  the  first  flip-' flop  is  a  1,  the  add  pulse  will  pass 
through  the  GT„  The  pulBe  will  return  through  the  delay  and  again 
supplied  to  GT,  If  GT  Is  now  shut,  nothing  further  occurs,,  'Diodes  are 
provided  to  prevent  improper  additions,.  If  GT  is  open,  the  pulse  will 
pass. hack  into  the  add  line  and  will  cause  a  set  (0  to  l)  on  some 
flip-flop*  This  extra  set  will  cause  tiro  one- set  check  to  work* 

This  combined  check  seems  to  function  under  almost  all  con¬ 
sidered  types  of  f  ailure,, 

Both  output  pulses  from  the  last  flip-flop#  highest  order# 
should  he  supplied  to  the  check  flip-flop? 

103  Program  Register 

The  operation  of  the  Program  Register  seems  w  be 
thoroughly  covered  by  the  transfer  check*  This  statement  should  o® 
checked  to  make  sure  all  operations  are  covered* 

104  Control  Switch 
Possible  failures 

a)  failure  to  receive  correct  order  data*- 

b)  failure  to  sot  according  to  order  data  received 
Q)  Setting  of  more  than  one  line  or  of  no  lines* 

The  transfer  check  should  catch  type  (a)  failures,  A  coding 
matrix  may  bo  ussd  in  conjunction  with  nhe  transfer  check  for  checking 
both  (a)  end  (b)„ 

There  is  an  automatic  check  against  the  failure  of  the  switch 
to  select  a  line  at  all.  The  final  transfer  is  ordered  by  DO  but  the 
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transfer  check  pul  so  comes  from  PC.  ±f  the  XjO  does  not  ord,w  n  lra.icfo::t 
the  transfer  chock  will  discover  it?. 

Notes  Check  on  CH  clear  and  correct  settings® 

If  it  appears  desirable  to  check  for  simultaneous  selection  of 
more  than  one  line,  it  can  bo  dono  at  the  expense  of  some  equipment* 

105  and  107  ■=»  Operation  ‘.liming  Pul oe  3 

The  ready  checking  of  the  appearance  of  all  operation 
timing  pulses  is  very  difficult  without  duplicating  the  equipment  Involved® 
The  pulses  appear  at  random  times  and  in.  random  order.  The  operation  of 
the  switch  and  the  distributor  arc  checked  separately.  Failures  in  the 
diode  matrices  themselves  seem  unlikely „  The  row  of  output  gate  tubes  is 
a  scarce  of  trouble, 

A  possible  check; 

Check  for  a  control  pul as  out  for  each  TP  in.  Insert  dummy  gate 
tubes  and  TP's  for  each  operation  to  avoid  blanks.  Simultaneous  pulses 
are  not  checked.  Many  of  the  simultaneous  sets  of  TP 3  0,  however,  are 
connected  with  the  transfer  check  and  cm  be  omitted  from  this  check. 

Another  possible  chock  is  to  count  total  number  generated  for  an 
operation  and  compare  against  the  standard  number  for  that  operation,  The 
operations  could  bo  grouped  according  to  the  number  used,  or  b;y  the  use  of 
dummy  pulses  the  total  for  all  operations  could  bo  made  the  same* 

106  Time  Pulse  Distributor 

Possible  failures 

a)  Kissing  a  pulse  with  and  without  losing  sequence* 

b)  Inserting  en  extra  pulse* 

c)  Interchanging  pulses* 

(a)  is  pretty  well  checked  by  the  transfer  check*  Seven  TP:‘s 
are  used  for  throe  transfers  with  checks*  The  oraiacion  of  sny  of  these 
seven,  with  or  without  losing  sequence,  will  signal  an  alarm* 

The  remaining  pulse  is  simply  a  delay  to  allow  storage  setup. 

It  is  not  checked  at  present*  One  possibility  is  to  use  a  dummy  transfer 
cpA  the  transfer  check*  Or,  one  flip-flop  can  be  used  to  check  the 
omission  of  the  pulse* 


It  is  possible  to  chock  TPi)  by  its  approximate  equivalent 
perhaps  by  a  ring  of  0  or  a  counter  of  1  counting  time  pul  cor,  and  chocking 
on  the  end  carry. 

Missing  in  sequence  la  probably  gate  tube  or  matrix  failure* 
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Hissing  out  of  soquonea  is  probably  c  omit  or  failure  * 

(b)  ’dll  in  general  upset  the  transfer  check,, 

(c)  will  in  general  upset  the  transfer  check,, 

Some  attention  should  bo  given  to  the  non-transfer  pul.se.  It 
is  probably  worthwhile  to  study  the  effect  on  the  transfer  check  of  all 
simple  failure  combinations;, 

108  Generation  of  Program  TP 

The  checking  of  these  pulses  is  essentially  this 
same  as  checking  TPD  since  the  program  TP  are  almost  all  transfer  pulses 
checked  by  the  transfer  check. 

The  appearance  of  the  add  pulse  can  be  checked  as  described  in 
the  counter  chock  above  by  obtaining  the  counter  check  pulse  from  the 
program  instead  of  from  the  add  pulse 0 

200  STORAGE 

Storage  Switches  and  Deflection 

Possible  failures 

c)  Improper,  switch  setting, 

b)  Improper  output  line  selection, 

c)  Improper  deflection  voltage  to  any  or  all  tubes, 

(a)  is  checked  by  the  transfer  check* 

(b)  osn  be  chocked  D,y  a  coding  matrix  cb.oc.kint,  (a,  tL-so, 

See  Section  on  Control  Switch, 

(o)  is  more  difficult  to  chock*  One  possibility  in  to  recode 
the  electrical  magnitude  taking  the  far  end  of  the  line*  This  check  con  .La 
include  (n)  and  (b)  except  that  (a)  at  least  is  very  easy  to  chock  sou 
probably  worthwhile*  (T>)  is  easy  to  check  visibly  in  case  ox  a  (c)  cheese 

alarm* 


The: 


A  check  orooosod  in  the  past  3.  s  to  provide  an  s.xt 1 a  b,_,nlc  o. 
electrostatic  storage  tubes  used  only  to  check  deflection  voltages* 
tube a  are  cot  up  and  read  out  the  setup  number  which  can  be  checked 
again at  the  original  order* 

One  tube  con  be  used  in  each  axis  if  the  entire  setup  nanbor  is 
re ad  out  by  sweeping.  This  method  in  slow  and  requires  a  different  type 
of  storage..  The  patterns  on  the  facet;  of  tubas  would  looks 
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Thsro  would  bo  eleven  tubes  in  the  bank  for  Whirlwind  I.  The  patf ernn 
would  be  actual  stored,  charges  in  standard  tubes..  These  tubes  actually 
constitute  a  vocoder  for  the  electrical  magnitude  of  the  deflection 
voltage. 


There  is  no  chock  i gainst  the  failure  of  the  deflection,  voltage 
at  some  particular  tube  rather  than  all  tubes., 


A  chock  against  a  single  space  out  can  bo  accomplished  with 
on©  tube  storing  alternate  j>  A  particular  setup  should  be  either  jy  A 
mistake  of  ono  j>oaition  will  result  in  the  wrong  polarity® 


The  storage  can  bo  thoroughly  checked  by  some  procedure  such  no 
described  in  M--1I1-. 


The  S-i-.ora.ee  Control 


She  Storage  Control  has  not  been  laid  out  in  detail  but  can 
probably  bo  chocked  readily  by  the  storage  checks  which  should  oporr-.ts  if 
the  control  makes  nn  error., 


200  TH3  AHICOllM'flTlC  flbKMW 


The  Arithmetic  iUement  is  difficult  to  chock  continuously  except 
by  duplicating  equipment...  The  equipment  is  both,  fast  and  complicated* 
Thera  is  little  time  for  checking  since  almost  all  the  parts  zvq  working 
at  no  or  Knximua  ratoBc 


A  usual  suggestion  is  to  duplicate  the  Arithmetic  elements  •'..ion. 
xx  duplication  is  quite  oapoaslv©  since  ihs  Arithmetic  21emc.it  is  a  largo 
pert  of  the  computer.  It  •could  be  nice  to  go  further  and  provide  three 

aritivaotic  nlemsnt a  in  order  to  detorniia  net  only  tho  ejlstonco  of  n 

* 

fallxure  cut  which,  unit  failed.  An  ciortension  leads  to  the  {..y-geetioii  that 
two  or  three  complete  conputora  be  provided  and  checked  eg?  in  at  each  other 
at  every  atop. 
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Ail  theca  last  ho  (is  require  j-argw  aaotuxvs  0-  un/drlv  ;.;.r.  ora/- 
mer.u'  which  must  he  kept  running.  It  seons  at  this  tine  bet:.;:/  o  cheer.; 
wharo  possible  with  small  amounts  of  equipment  and  lev:  tiara  loss,  -’hon 
ship o thus ss  chocks  wifi  be  used  for  overall  results  and  occasional  checit 
problems  to  pick  up  permanent  failures. 

301  All 

Possible  failures 

a)  Read  in  from  Bug. 

b)  Transmit  to  AO* 

c)  Abs,.  value 

(a)  is  checked  by  the  transfer  check, 

(b)  is  not  at  present  checked.  One  possibility  in  to  put,  in  a 
special  transfer  check  for  this  on  £&,  The'  contents  of  AH  are  trans¬ 
ferred  to  AC  on  this  operation.  If  they  are  transferred  back  cad  added  to 
AH s  the  result  should  be  all  0*s.  This  check  would  require  gates  for 
reading  from  AG  to  All,  add  inputs  to  AR  end  a  check  for  nil  Q’g. 

The  check  does  not  warrant  this  equipment#  It  is  intermit  tent; 
it  will  check  only  about  20$  of  the  transfers  from  Ail  to  AC, 


Check  Problem  chock 
/Transmit  1,00.  .  .  •> 


Aid  0.11.  .  < 
The  sum  should  be  positive. 


,  .  .  01  to  AC 
.  .  .  11  to  AC 


This  check  checks  a  lot  of  other  things  too. 

(c)  could  bo  checked  if  a  method  were  available  for 
any  of  the  AR  flip-flops  had  not  switched. 

302  AO 


Po osible  Failure c 

a)  Improper  recaption  from  -AR. 

b)  Improper  transmission  to  BR, 

c)  Failure  to  add.. 

d)  failure  to  carry 

e)  failure  to  shift  loft. 

f)  Failure  to  divide  shift  loft. 

g)  Failure  to  shift  and  carry. 

*  Ji)  Abe.  value 


(a)  is  discussed  briefly  under  .All, 
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(b)  lies  roughly  in  the  some  ontegury  as  the  Vroiur’kr  from 
i\'P.  ;,o  AC.  The  troJisfer  U ,  done  only  in  nultipllcation.  BF  elvaj' iz 
cleared  before  receiving.  The  numbsr  could  "bo  r,snt  bach  to  AO  ,?,i  .1 
added  in  using  the  addling  ability  of  A0„  The  addition  could  ho  made 
aft  or  the  carry  gate  tubes?  if  checking  for  ell  08s  is  desired,  Mt.hor  da 
l«a  or  all  0»s  is  satisfactory  since  they  "both  r  ©pro  seat  0  or  AC  ole  crock 


It  might  ho  desirable  to  have  a  clear  check  on  AC  onyw  cine:? 
Alt  to  AC  will  probably  not  ho  checked,. 


The  row  of  gate  tubes  needed  for  transmitting  BR  to  AG  could 
he  used  instead  of  shifting  when  actual  information  is  to  he  transferred 
hut  there  seems  little  advantage  to  this  modification. 


(c)„  A  possible  partial  check  is  to  take  the  snitching  signal 
from  the  partial  sum  flip-flops  in  AC  and  transmit  them  to  the  complement 
gate  tubes  of  the  corresponding  All  digits.  Passing  a  pulse  would  represent 
the  unwanted  switching  of  a  flip-flop «  ^f  another  gate  tube  could  ho 
added  to  provide  a  pulse  on  non— switching)  this  pulse  could  ho  Guppi.iad  to 
the  direct  gate  tubes  of  the  corresponding  AH  digits,  chocking  for 
failure  to  switch  which  is  much  more?  likely.  This  check  would  also  check 

( s) . 


A  timing  study  would  he  necessary  to  discover  if  this  chock  can 
he  accomplished.  -The  chock  does  not  consider  the  carry  flip-flops. 


(d)  can  bo  chocked  an  is  tho  high-speed  carry  in  P0„  The 
operation  of  tho  gate  tubes  on  tha  carry  flip-flops  is  not  checked  by 
this  nor  I3  the  failure  to  operate  of  the  carry  GT5a«  It  is  also 
necessary  to  check  tho  ropasoego  of  the  carry  pul so s  by  some  other  method 
than  PC,"  probably  a  method  requiring  one  additional  HP  per  section,  The 
chock  does  not  look  very  satisfactory. 


A  second  GO?  on  tho  carry  flip-flops  could  ho  used  to  check  the 
nr  op  si’  carrying  and  clearing  of  thoao  flip '•flop  o.  A  second  row  cf  h.i&h- 
"spaed  carry  G2«'s  could  very  easily  check  the  carry,  /fhoae  GT»s  would  bo 
placed  in  parallel  with  tho  present  ones  and  supplied  with  the  same 
pulse a  delayed  one  flip-flop  operate  time.  Passed  pulses  indicate  error? 
of  omission  and  commission. 


(o)  has  several  possibilities  for  checking.  A  do find oc  sin.-',  t 
pulse  should  appear  on  one  or  the  other  hut  not  both  of  tho  shift  rxr-.oo 
leading  from  each  digit.  A.  chock  could  ho  made  of  this  hut  it  would  he 
expensive  of  equipment. 


Another  possibility  is  to  send  shifting  pulses  over  to  tho  next 
digit  but  interchanged  to  sso  if  tho  flip-flop  had  sen  correctly. 


(£).  Brrae  as  (e)  eacept  check  loft  digits  .also. 

(g).  A  check  could  bo  provided  for  checking  tho  appearance  of 
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The  alersa  circuit,  can  ba  checked  "by  gating  the  alarm  pulse  &r 
well  aa  the  check  pules  anc  checking  on  ir.teraed5.ate  stagse.  If  the  cU  ch 
:U  ruD.de  on  tho  transfer  of  the  order  hut  before  the  repeat  transfer  ana 
the  all  Vr,  position  is  omitted  in  the  order  co le,  the  failure  of  nn 
uugated  alarm  ina3.se  to  appear  will  signify  an  error*  Sines  tho  orders 
contain  O' 3  in  all  positions  at  different  tines,  tho  check  is  complete  and 
automatic,  although  infrequent.  If  fiot-ired,  special  superfluous  order?-  cun 
he  inserted  by  the  progra-nzor  for  this  chock, 

Tho  arithmetic  check  should  also  bo  examined  tit  intervals* 

The  problem,  in  general,  1  to  effect  these  checks  automat'. colly  if 
possible  and  without  rccu.lriug  spools?,  orders,  Tho  difficvlty  arises  in 
checking  tho  alarm  without  stopping  ‘ciu  computer*  A  cnoc."  viape  -or  vhrch 
this  is  but  one  of  nan j  usee  could  bs  v.seu  which  world  oho  ok  tho  sri tav.r.tlc 
chock  by  purposely  ovor flowing  it,.  The  operator  could  restart  the  truer.:?. no 
at  each  stop  (there  arc  only  a  Ton),  If  r.ho  mcahlno  otoppod  it  coif  with¬ 
out  on  alarm r  there  is  a  fav.lt*  This  end  other  checks  could  be  perfen  r.d 
regularly,  perhaps  at  tho  start  and  clc  so  of  each  day, 

Xa  checking  a  cor at or,  perhaps  PC,  'by  the  scathed  rcantioaed, 
asch  of  the  many  possible  errors  must  bs  committed  and  the  si  arm  chocks  c  * 

Mi  would  'be  possible  to  gybe  this  ol&nss  uid  fry  a  check  pul :vj ___ whan  tho ■  t? 
h.-.e  been  no  j'.d.i  nulce  to  check  for  check  flip— imp  co'st'.'.ug*  uaici  uocs 
not  chock  against  a  high-speed  carry  feilv.ro*  A  check  a, (pivot  the  uc*.d:l2- 
edd  failure  me;?*  bo  obtained  by  clearing,  tho  flir-flep  sJbsar  each  regulr  r 
chock  by  adding  into  tho  trigger  input  ?nc  noting  tie  alar:;-,.,  It  is 
unfortunately  true  that  the  so  methods  require  gating  tho  ulyvr  prices  me-, 
that  those  gat  os  are  cucpsct  and  unchecked,  A  son.p?  etc  check  in  only 
possible  if  ar  actual  error  is  cojudtted  and  tho  nlarrc  rd.lv-' 1!  to  stop 
tho  mr.chins*  -n  this  ir.atvr.ee  the  alarm  gates  cart  la  doubled  ox-  even, 
tripled  u.s  a  protection  and  checked,  tv  rhupc  vr;u:i?;Iiy .  nt  wive  infer  war: 

0:  t.ly<. 


A  tape  input;  possibly  a  condisiv.tion  of  ri>.  order  tape  and  r. 
special  taps,  providing  specific  control  puls--.es  only,  cm  'bo.  used  tc  order 
chocking  procedures  ino3.udir.g  non-otaud.ard  orcicrc  and  dofiaito.  failure:; 


. .  .  . . ,!,■•'  . i--\j-;,  -,rV/.,-wr:«p?^T<:!^03?&twte?WW4t,;Mldl3ra!M:tn:mrt.’^.^k*M 

\ 
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to  check  checking  errors.  In  company  w;ith  this  can  be  a  device  which  is 
put  in  operation  when  the  checking  is  proceeding  and  which  will  clear 
all  faults  and  restart  the  machine  at  each  alaraio  If  an  alarm  fed 3.(3  to 
appear,  the  computer  can  stop  without  an  alarm  end  the  stoppage  during 
check  brought  to  the  attention  of  the  operator *  ^hia  typo  of  checking  its 
in  addition  to  the  normal  checking  which  is  to  find  faults  in  the 
non-checlcing  parts  of  the  machine * 

CHECK  PROBLEMS  AND  TROUBLE  SHOOTING  PROBLEMS  s 

Check  problems  discover  the  existence  of  an  error  without 
determining  the  nature  of  the  failure  or  the  location  of  the  failed  paid;,, 
It  la  desirable  In  a  check  problem  to  cover  the  greatest  possible  amount 
of  equipment  In  the  fewest  possible  operations  so  that  the  check  problem 
may  be  carried  out  frequently  without  appreciably  reducing  the 
efficiency  of  the  computer* 

A  check  problem  is  mentioned  on  page  10  which  consists  of  S 

Transmit  loOO*  «  *  »  »  01  to  AC 

Add  0*11*  •  •  *  .  3.1  to  AC 

The  sum  should  be  positive* 

This  problem  checks:; 

1)  Head  gates  from  AH  to  AG„  If  any  gate  falls  to 
transmit,  the  sum  will  be  negative*  Throughout B It 
is  still  assumed  that  only  one  failure  occurs  at  a 
time,, 

2)  Proper  reception  by  AC  of  single  digits  per  section,; 

3)  Proper  addition  in  AC15  on3.y* 

4)  Carry  operation  AC15  only* 

5)  High- spa ed~c arry  in  ail  digits* 

If  the  answer  is  negative „  there  i3  no  way  of  telling  from  the  check 
pioblem  where  the  error  occurs*  A  possible  trouble* shooting  problem 
procedure  for  discovering  the  error  source  might  bos 

First  try 

Transmit  1*00*  *  *  *  *  010  to  AC 


Add 


o  AJ*  o  o  o  o  o 


111  to  AC 


cohhdemtiax* 
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Examine  sign  of  sum * 

Then  try 

Transmit  1 * 00  *  *  »  »  *  0100  to  1-0 
Add  0.11.  coon  1111  to  A0 


Continue  until  a  positive  result  ia  obtained*  This  test,  will 
limit  the  failure  to  a  single  digit*  The  fault  is  In  the  first  successful 
column  if  there  is  a  high-speed-carry  failure.  Otherwise,  it  1®  one 
column  to  the  righto 


Then,  to  check  whether  the  fail  tiro  is  in  AH  read  out  gates 
or  in  AC  receptions 


Transmit  minusC^g)  0*11* 
Subtract  1*00* 


o  tl  o  o 


o  o  o  o 


10  to  AC 
00  from  AC 


Result  should  bo  positive  if  AR  gates  were  at  fault  sine©  only 
the  All  complement  gates  have  been  used* 


Then,  to  check  whether  the  failure  hnB  been  in  AC  reception 
or  in  high™ speed-carry,  if  the  fault  is  not  in  AH 


Transmit  0*00 


e  a  o  o 


010 


o  o  o  o 


00  To  AC 


where  the  1  Is  in  the  lest  unsuccessful  digit  column  as  determined  by 
the  test  above. 


Add  the  same  0*00.  .  *  . 
Then  add  1*11.  *  *  . 


010,  . 

o 

o 

o 

o 

to  AC 

100  o  * 

O  0  00 

to  AG 

If  the  column  is  receiving, the  sum  will  be  positive  and  the 
fault  will  be  in  the  high- speed-carry.  Otherwise,  the  digit  tested 
will  bo  known  to  be  faulty. 


All  five  possible  failures  can.  bo  isolated  by  the  above 
sequence*  The  computer  could,  if  desired,  try  the  check  problem  and  oa 
discovering  the  failure  go  on  through  the  trouble-shooting  sequence 
automatically*  When  the  failure  is  determined,  the  computer  can.  stop 
either  sending  its  last  order  number  to  an  output  decimal  printer  or 
leaving  it  to  be  read  from  the  neon  bonks*  iho  operator  can  then  lelx 
from  a  code  book  both  the  kind  of  error  and  the  panel  in  which  the  failure 
is  located* 


I  do  not  suggest  that  the  above  sequence  has  a  real  value 
except  as  an  example* 


!  HI 


CONFIDES®  Mi 
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The  trouble- shooting  register  can  'be  used  to  accomplish 
the  same  end  with  the  holp  of  the  operator. 

In  this  case  tho  machine  would  stop  when  the  check  problem 
fulled.  She  operator  would  read  PC  and  get  from  a  cod®  hook  the  test 
being  run  and  the  proper  settings  for  the  '.OSH  controls,,  (Che  machine 
would  than  he  started  and  go  through  the  check  problem  over  and  over 
again  while  TSR  extracts  the  following  Informations 

1)  AE  contents  for  first  addition,, 

(fip 

Should  be  l.OO.  „  „  „  .  „  01 

2)  AC  contents  after  first  addltioxu 

Should  be  lo00„  „  „  0  „  0  01 

3)  AR  contents  for  second  addition,, 

Should  be  0.111.  .  .  .  .  11 

4)  A.C  contents  after  second  addition  but  before  carry. 

Should  be  1.11.  0  „  ,,  .  .  10 

5)  AO  contents  after  carry,, 

Should  be  0„0Qo  «  01 

The  different  failures  hare  a  distinctive  appearance „  It  :lr; 
not  possible (  however „  to  tell  whether  AR  has  read  out  incorrectly  or 
A  has  received  Incorrectly  if  one  of  those  errors  has  occurred.  It  5,b 
necessary  bo  repeat  with,  complement  a  ns  described  above  under  trouble¬ 
shooting  problems  in  order  to  use  the  other  AR  gates  and  Isolate  the  error. 

Much,  work  must  be  done  in  designing  both  check  problems  and 
trouble- shooting  problems  in  order  to  get  thorough  and  efficient  checks. 
Wherever  possible,  those  parts  of  the  machine  which  are  undamaged  should 
be  used  to  reduce  the  load  on  the  operator  by  automatically  carrying  out 
trouble-shooting  procedures. 


Robert  it.  Everett 


RES  s  has 

Copies,”  SHD„  HHBj,  FES,  SB,  JOE. 
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Project  Whirlwind 
Servomechanisms  laboratory 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 


SUBJECT  8  CHECKING-  BY  CHECK  PROBLEMS 

Tot  J.  W.  Forrester 

From:  Robert  R.  Everett 

Dates  Movember  13,  1947 


This  memorandum  compares  chaoking  by  duplication  of 
equipment  with  chocking  by  mathematical  and  check  problems. 

1)  The  comments  of  this  memorandum  may  be  summarized  - 
as  follows i 

a.  Continuous  checking  is  valuable  if  the  amount 
of  extra  equipment  is  small. 

b«  In  discovering  steady  state  errors  check  problems 
are  almost  as  satisfactory  and  are  not  as  costly  as  duplication 
checking. 

c.  For  discovering  intermittent  errors,  mathematical 
checks,  when  possible,  aro  almost  as  satisfactory  and  far  less 
oostly  than  duplication  checking.  Even  if  a  mathematical  cheok  is 
not  possible,  a  duplication  check  oan  be  accomplished  with  a  non- 
continuous  chocking  computer  by  simply  repeating  the  problem. 

d.  Where  it  is  imperative,  as  in  certain  control 
problems,  that"“re suits  be  oorrect  and  that  no  tiroe  be  lost,  at  least 
three  computers  instead  of  two  are  required, 

e.  Inspection  problems  may  be  used  for  discovering 
incipient  intermittent  failures. 

2)  Assuming  that  the  problem  has  been  properly  set  up  and 
entered  in  the  machine  the  computer  is  subject  to  two  types  of  errors. 

a.  Steady  errors  which  are  due  to  the  complete  failure 
of  some  part  olT’the  equipment  such  as  a  definite  short  or  open  or  a  , 
burned  out  tube. 

b.  Intermittent,  that  is,  occurring  very  seldom  under 
the  same  conditions.  Intermittent  failures  may  be  due  to  noise, 
meohanioal  vibration,  line  voltage  fluctuation,  or  other  random  ard 
non-reourrent  phenomenon.  They  may  also  occur  when  a  part  of  the 
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equipment  is  boginning  to  fail  and  has  reached  an  operating  region 
with  an  inadequate  factor  of  safety* 

3)  There  are  three  general  ldn.de  of  cheeking,, 

a.  Continuous  *  Where  each  elementary  operation  of  eaoh 
part  of  the  computer  is  continuously  checked, 

b.  Spot  or  occasional*  Where  the  computer  elements  are 
checked  only  occasionally* 

0.  Mathematical  chocks ,  which  are  performed  on  the 
solution  either  part  way  or  completely  through  the  problem  under 
consideration.  These  checks  may  be  smoothness  oheolca  on  results,, 
identity  oheolcs,  or  problem  repetitions  uEing  the  same  or  different 
methods  » 

4)  The  three  kinds  of  checking  differ  widely  in  the  amount 
of  equipment  required  for  them  and  the  amount  of  information  delivered 
by  them, 

g.4  The  continuous  check  is  most  thorough  since  each 
elementary  operation  ia  0 hooked  and  both  steady  state  and  intermittent 
errors  are  discovered.  Furthermore,,  the  machine  is  stopped  as  soon  as 
an  error  is  committed,  thus  preventing  t  he  expenditure  of  additional 
computing  time  using  bad  data.  Some  indication  may  also  bo  obtained 
from  the  condition  of  the  computer  at  the  time  of  stoppage  as  to  which 
particular  element  oaused  the  failure.  If  the  continuous  check  were 
absolutely  thorough  then  eaoh  particular  element  of  the  computer  would 
be  checked  separately  and  indications  ooqld  be  obtained  from  the 
checking  equipment  as  to  the  exact  element  which  failed*  Unfortunately 
the  cost  of  this  continuous  oheoking  is  very  high.  In  general.,  the 
elements  of  the  machine  are  designed  to  work  as  efficiently  ancl  at  as 
high  speed  as  possible.  There  is,  in  general,  little  time  or  equipment 
left  over  for  oheoking,  A  thorough  check  usually*  although  not  always, 
requires  an  amount  of  equipment  which  is  comparable  to  the  equipment 
being  checked.  If  all  the  elements  of  a  computer  were  to  be  checked 
by  the  continuous  system,  the  amount  of  checking  equipment  might  exceed 
the  total  in  the  computer  itself  because  of  the  indication  and  alarm 
circuits  needed  as  well  as  the  equipment  duplication  for  error  detection* 

One  suggestion  is  to  provide  two  duplicate  computers  working 
from  the  same  master  clock.  The  results  of  these  computers  should  be 
identical  and  can  be  compared  at  as  many  points  in  the  computer  as 
desired.  Usually  the  suggestion  is  to  compare  at  only  ore  point,  say- 
in  the  accumulator  since  all  numerical  data  being  handled  passes 
through  thiB  element,  '  The  accomplishment  of  this  check  requires 
double  the  equipment  required  for  a  single  computer.  It  does  have 
the  advantage  that  where  this  check  is  not  desired  two  computers  are 
available  for  other  work. 


Memorandum  25- 1 61 


It  is  also  possible  to  perform  continuous  ohooks  on 
certain  small  groups  of  elements  within  the  computer »  'ihe  transfer 
oheok  proposed  for  Whirlwind  I  is  of  this  type,.  In  this  chock  ail 
transfers  on  the  main  bus  aro  checked. 

be  The  spot  or  occasional  check  is  usually  performed 
by  means  of  check  problems,  the  orders  for  which  can  either  bo  kept 
in  storags  or  supplied  on  demand  from  input  tapes.  As  long  as 
certain  cf  the  basic  control  elements  in  the  computer  are  working# 
the  computer  is  capable  of  checking  each  of  its  elements  by  itablf. 

If  this  basic  control  equipment  is  not  working.,  then  the  oheok 
problems  can  be  designed  to  point  out  this  fact  as  well a  It  in  also 
possible  and  desirable  to  check  certain  elements  of  the  computer 
manually  at  longer  time  intervals.  Check  problems  might  be  performed 
at  time  intervals  of  the  order  of  1  second.  Complete  manual  checks 
might  be  performed  at  intervals  of  the  order  of  1  day. 

Check  problems  do  not  stop  the  computer  the  instant  an  error 
has  been  made.  If  the  error  is  steady  state  it  will  ho  discovered 
when  the  next  check  problem  is  run;  if  the  error  is  intermittent  it 
may  not  be  discovered  at  all.  Only  a  very  general  indication  of  the 
source  of  the  error  is  given  since  the  check  problem  is  designed  to 
check  as  much  equipment  with  as  few  operations  as  possible c  Its 
intention  is  to  discover  errors  and  not  to  locate  them.  Check 
problems,  however,  require  relatively  little  equipment  since  the 
standard  machine  components  are  used  in  the  chock.  The  oheok  problems 
may  bo  programed  and  stored  once  and  for  all.  Very  little  effort  in 
required  on  the  part  of  the  person  setting  up  each  new  problem  because 
the  chock  problems  remain  unchanged.  Probably  le3s  than  1%  of  the 
machine  time  is  required  for  running  check  problems. 

o„  Mathematical  checks  can  bo  performed  whenever  possible 
and  desirable  during  the  course  of  a.  problem.  They  too  require  almost 
no  additional  equipment  since  the  computer  itself  is  used  for  computing 
the  check.  It  is  necessary,  however,  for  the  person  programming  the 
new  problem  to  give  consideration  to  how  it  is  . to  be  checked  math®-” 
matically.  Mathematical  checks  do  determine!  both  steady  state  and 
intermittent  errors  since  any  error  which  rrf.ll  destroy  the  result  is 
discovered.  She  complexity  of  the  checking  set  up  and  the  amount  of 
computing  time  required  for  each  computation  is  determined  by  'oho 
particular  problem  being  computed.  If  the  problem  is  lengthy  and  its 
results  important,  mathematical  checks  might  be  run  at  intervals  so  as 
to  prevent  wastingcomputing  time  if  an  error  has  'been  made.  A  well 
designed  mathematical  check,  particularly  of  the  repetition  by  alterna¬ 
tive  computing  methods  type,  also  gives  some  chock  on  the  mathematician 
setting  up  the  problem  and  on  the  people  who  actually  did  the  programming 
and  made  the  input  films. 

5)  Consider  now  the  value  of  each,  of  the  above  checks  for 
discovering  a  steady  state  error.  These  errors  are  the  simplest  to 
discover,  to  locate,  and  to  repair. 
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Any  of  the  three  kinds  of  checking  will  discover  these 
errors)  ®  The  continuous  check  will  discover  the  error  upon  its 
occurrences  the  check  problem  will  discover  the  error  when  the 
problem  is  next  per.fonc.edy  the  mathematical  check  will  discover  the 
error  when  the  result  or  some  part  of  the  result  is  checked® 

The  continuous  check  will  leave  the  computer  in  the  condition 
it  'was  in  at  the  time  of  the  failure  thus  making  somewhat  easier  the 
restarting  of  the  calculation  when  the  failure  has  been  cleared®  This 
advantage  is  not  of  great  importance  since  it  is  usually  possible  to 
return  to  somo  starting  point  and  repeat  the  calculation  if  the  error 
is  determined  by  either  of  the  other  two  methods.  If  the  calculation 
is  very  long  the  contents  of  the  computer  can  be  read  out  onto  the 
output  film  at  intervals®  ^hla  film  can  be  stint  back  into  tho  computer 
whenever  desired  to  provide  n  convenient  restarting  point.  In  the  case 
of  the  mathematical  checks  the  only  possibility  ia  to  start  over  again 
and  repeat  the  entire  calculation®  It  would  seem,  therefore,  that 
check  problems  ore  of  considerable  value  because  they  do  determine  the 
error  without  wasting  appreciable  computing  time,  and  yet  they  do  not 
require  the  large  amounts  of  equipment  required  for  the  continuous 
check® 

Once  the  existence  of  a  steady  state  error  has  been,  deter¬ 
mined,  it  will  be  readily  possible  to  locate  the  faulty  part  by  means 
of  trouble  location  problems  and  special  examination  equipment® 

In  oheoking  for  steady  state  errors  the  check  problem 
method  seems  to  produce  almost  as  good  results  as  the  continuous 
ohook  but  does  not  require  large  amounts  of edditional  equipment,, 

6)  Checking  for  intermittent  errors  produces  a  different 
sort  of  problem®  If  the  error  i3  relatively  frequent  In  occurrence 
it  can  be  considered  as  steady  state  and  the  comments  of  section  5 
apply®  This  section  will  restrict  itself  to  chocking  for  intermittent 
errors  of  very  infrequent  occurrence® 

There  are  two  important,  items  in  chocking;  the  first  is  to 
diaoover  the  existence  of  an  error,  the  second  ia  to  discover  the 
part  that  caused  the  error#  If  it  is  not  possible  to  locate  and  repair 
the  failed  part  the  cheok  has  lost  much  of  its  value#  The  great 
difficulty  with  intermittent  errors  lies  not  in  discovering  their 
existence  but  in  repairing  the  failure.  Any  sort  of  efficient  cheok, 
barring  the  oomplete  continuous  chock  on  all  parts  of  the  computer, 
results  only  in  an  indication  that  a  failure  lias  occurred  with  perhaps 
a  general  indication  of  those  parts  of  the  eqi ipnent  which  may  have 
caused  the  failure®  If  the  failure  does  not  repeat,  there  is  no  way 
of  locating  the  particular  element  at  fau.lt.  Furthermore,  even  if  a 
complete  check  were  carried  out  and  the  faulty  element  were  known, 
if  this  element  was  found  to  respond  normally  to  all  of  the  usual 
checks  on  steady  state  performance  there  is  no  indication  at  all  that 
it  is  not  just  as  good  as  a  replacement  part®  In  other  words,  our 
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knowledge  of  the  very  elements  with  which  the  computer  was  originally 
constructed  was  based  only  upon  their  steady  state  performance  *  An 
intermittent  failure  of  very  long  periods  can  therefore  neither  be 
located  not  corrected.  The  only  thing  that  can  bo  done  is  to  deter™ 
mine  its  existence  so  as  not  to  accept  erroneous  results  from  the 
computer . 


These  comments  are  particularly  true  when  considering  the 
continuous  form  of  checking,  for  here  the  indication  of  a  failure 
represents  merely  the  lack  of  coincidence  between  the  computer  and 
its  chocking  equipment,  ‘There  is  no  indication  as  to  which  of  the' 
equipments  has  failed  unless  some  conclusion  can  be  drawn  from  the 
conditions  of  the  computer  after  stoppage.  There  seems  little  point 
in  using  two  computers  in  checking  the  outputs  against  each  other 
since  there  is  no  indication  which  computer  made  the  mistake.  The 
use  of  three  computers  would  have  some  value  in  that  the  two  that 
were  equal  could  be  considered  to  be  correct.  In  control  problems 
where  life  and  property  may  be  dependant  on  continuous  correct 
answers  and  the  computers  must  produce  results  without  time  for 
repeating  faulty  computations,  the  use  of  three  or  more  computers 
seems  mandatory  since  more  than  the  existence  of  the  failure  must 
be  known.  Knowledge  must  also  be  obtained  as  to  which  is  the  failed 
computer  and  which  ones  are  still  producing  correct  answers. 

In  the  case  of  calculations  whloh  can  be  repeated  when  a 
mistake  has  been  made  there  seemB  to  be  little  advantage  in  the 
continuous  fora  of  checking  over  the  mathematioal  check  if  a 
mathematical  oheck  is  possible.  In  both  oases,  for  intermittent 
errors,  indication  is  simply  obtained  when  an  error  has  been  made, 
and  the  computation  must  he  repeated.  This  indication  is  rooeived 
somewhat  earlier  for  the  continuous  oheck,  but  considering  the 
expected  small  incidence  of  intermittent  failures  in  the  maohine  the 
tin©  saved  should  not  be  an  appreciable  percentage  of  total  computer 
operating  time . 

It  is  true  that  some  effort  must  be  extended  in  performing 
the  mathematical  check  set  up.  There  may  even  be  problems  where  it 
is  not  possible  to  check  the  calculation  without  repeating  it.  The 
repetition  of  the  calculation  using  an  alternative  method  will 
approximately  double  the  set  up  time.  As  far  as  intermittent  errors 
go,  however,  it  will  be  .-just  as  satisfactory  to  repeat  the  satire 
problem  using  the  original  sot  up.  If  an  intermittent  error  has 
occurred  in  either  solution  the  results  will  not  cheok,  If  there 
is  a  steady  state  error  which  would  cause  the  results  to  oheck  it 
will  be  picked  up  by  one  of  the  oheck  problems. 

Inspection  problems  may  be  used  to  discover  incipient  inter¬ 
mittent  errors  due  to  lowered  factors  of  safety  oh  some  of  the  operating 
components.  These  inspection  problems  would  probably  be  manually 
controlled  and  run  at  relatively  wide  intervale  of  perhaps  a  day.  All 
the  cirouits  within  the  computer  are  designed  with  wide  factors  of 
safety.  It  will  be  possible  with  standard  inspection  sequences  to 
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measure  those  factors  of  safety  and  to  discolor  'whether  the 
apparatus  is  operating  within  the  designed  region*  If  the  operating 
conditions  are  changing  slowly  these  inspection  problems  should 
disoover  the  change  before  the  system  has  reached  a  region  in  which 
intermittent  failures  are  possible*  If  the  system  is  changing  very 
rapidly  so  that  intermittent  failures  are  poBeiblo  before  the  next 
inspection  problem  is  run*  these  intermittent  errors  should  soon 
reach  a  high  enough  frequency  to  be  picked  up  by  the  standard  checking 
problems  which  are  automatically  performed  at  short  intervals  * 


Robert  R*  Everett 
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Pro  jeci  Wlii rlwind 
S  ervo 3B8 c  haul  sm  s  L  abo  rat  cry 
M as s achusot t b  Institute,  of  Technology 
C arco ridge.  Massachusetts 


SUBJECT  WHXBLW1MP  I  TBDUBIiE  SHOOTING,  COMMENTS  03  MMORANIftJH  M-13S 


To  3  Robert  B0  Everett 

Proms  Jay  W»  Forrest  ex* 

Date;  October  28,  194? 

She  following  comments  occur  to  me  after  reading  Memorandum 
M-123  on  the  Trouble-shooting  Register* 

She  Stepping  Register  normally  used  for  input  end  output  sounds 
like  the  best  bob  for  the  t  rouble-  shoo  ting  requirement  So 

To  simplify  equipment  ,  I  would  suggest  that  m  not  use  more 
than  one  sot  of  coincidence  circuits  and  therefore  read  out  only  one 
number  per  cycle  of  the  check  problem 

It  should  be  possible,  if  desired,  to  channel  the  trigger,  which, 
la  obtained  from  the  coincidence  circuits  for  operation  of  the  trouble¬ 
shooting  register,  into  the  clock- stop  system#  It  should  then  b©  possible 
to  readily  restart  the  check  problem  at  its  beginning#  The  atop  order  and 
the  restart  facility  would  make  it  possible  to  progress  through. _  the  check 
problem  o m  step  at  a  time  until  trouble  is  detected*  This  ira  desirable 
oince  trouble  might  result  in  strange  and  unexpected  computer  operation 
which,  would  prevent  it  from  restarting  on  the  teat  problem. 

Xf  bo  appreciable  amount  of  extra  equipment  is  required,  j.t 
might  bo  desirable  to  have  the  coincidence  pulse  from  the  counting;  circuits 
restart  the  check  problem.  at  its  beginning  in  order  that  the  test  problem 
up  to  a  given  point  caa  b®  solved  cyclically.,  An  error  signal  from  the 
check  register  coulcl.  then,  be  used  in  the  clock-stop  circuit  so  that  the 
computer  would  stop  only  If’ a  mistake  were  made  on.  the  number  being ’observed* 
This  would  bo  useful  fox*  transient  troubled* 


X  feel  we  should  consider  both  neon  lights  Indicating  the  con¬ 
tent  e  of  the  stepping  register  and  a  cathode-ray  tub©  with  double  trace  for 
Indicating  both  the  number  and  its  complement  in  the  stepping  register* 
Normal  permanent  failures  would  b©  picked  up  on  the  neon  lights  but  the 
cathode-ray  tube  and  stopping  register  reading  both  numbers  and  complements 
could  bo  used  for  detecting  transient  disturbances  which  would  result  in  a 
wrong  number  only  occasionally* 
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could  then  be  done  by  inner  ting  cards,  one  a*  a  time,  inuo 
until  the  trouble  sequence  is  located,. 
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Pro j  ect  Y&ii'lwind.' 

E ervomecl 1 aadsms  Laboi-et ory 
Massachusetts  Institute  of  Technology 
Cambridge  „  E&osaehasetts 


SUBJECT 5 

CONTROL  DESK,  RECRLYQ'HD  I 

To; 

Harris.  Fahnestock,  Robert  R»  Everett, 
Norman  Taylor  and  C«  R„  Watt 

Froiis 

Jay  We  Forreetor 

Bate : 

October  17,  1947 

The  following  miscellaneous  thoughts 

th© 


control  desk  and  its  interconnection  to  Whirlwind  I„  Those  ideas  are  &31. 
subject  to  discussion  w&  correlation  with  other  information,. 


The  control  desk  should  include  a  decimal  keyboard  and  conversion 
circuit  in  order  that  numbers  in  th©  computer  can  be  altered  as  requirea  in 
ciisralation  problems  and  in  trouble  shooting*  J.t  also  provides  a  moans  ior 
inserting  special  orders  and  numbers  for  checking  purposes, 

1  special  register ?  perhaps  the  same  one  as  used  x or  normal  checking 
purposes 9  should  indicate  any  number  selected  from  a  repoaxing  cnack  proulen 
in  the  computer.  Monitor  registers  and  setting  switches  ahoulo.  be  avaxiab-e 
on  coincidence  counters  for  selecting  the  proper  point  in  the  tost  problem  as 
o  function  of  the  program  counter  setting  and  the  clock  puls©  c&swamwar 
position.  The  output  of  this  multiple  coincidence  system  onoiu.d  bo  aynilabro 
as  a  trigger  for  various  scopes  as  required  on  the  control  desk  ana  also  should 
fco  piped  to  convenient  points  throughout  the  computer  perhaps  ^  ~'n  ec.cn  e  ax  ins  u 
of  the  T&irlwind  1  system  so  that  test  equipment  can  b®  operated., 

Trouble  indications  should  if  possible  be  of  the  double  ^  acting  kind 
indicating  both  the  satisfactory  state  of  operation  sad  the  unoauiofacwy 
state  of  operation  to  guard  against  pilot  light  am  assocaaueiy  erreuxt  Troulx.es 
However,  during  normal  operation  it  should  not  be  require©,  yfcay  xhc  opera  cor 
observe  a  largo  array  of  lights  which  are  on  but  rather  tnat  aiB  aum  oo 
attracted  by  lights  which  come  on  only  when  trouble  oases,  A  sxnf>e 
indicating  that  everything  is  satisfactory  should  be  so  inuerloekea  that  ^  anj 
trouble  light  will  torn  off  tho  normal  indication  and  hs  nabsniuuuec  oy  one 
of  several  trouble  indicators. 


Trouble  indicators  should  indicate  the  eoxsrce  of  clock  stop  orders 
arising  from  various  checks  in  the  computer.,  should  indicate  .‘cxlajaont  power 
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plate  supplies.  Mas,  otc*.  arranged  In  aorao  sort  of  coded  ayaten  to  use  uhe 
smallest  practical  Qtrabor  of  lights*  ’  I  or  os  ample  one  light  might  be  used 
to  indicate  plate  supply  difficulty  while  another  light  would  indicate  the 
cabinet  in  which  trouble  lie  a  t  risen.  Likewise  a  bias  supply  indicator  might 
initiate  the  same  light  for  a  given  cabinet ,  Inter Xo  iks  where  uscosaary  should 
be  so  arranged  that  trouble  is  indicated  at  the  primary  source *  For  example,, 
failure  of  a  bias  supply  should  perhaps  automatically  trip  various  plat© 
supply  voltages*  Trouble  indication  should  appear  only  on  the  bias  supply 
light  until  that  fault  has  been  cleared*  Control  switches  should  include  ait 
emergency  stop  circuit  which  cart  bo  located  at  various  parts  of  the  computes:' 
in  case  of  fire.,  etc*,  perhaps  also  interlocked  with  thermostat  £•« 

Tho  control  desk  should  provide  for  stecact-by  operation,  a  definition 
for  which  must  be  established,  probably  meaning  filaments  oa  cud  plate  sxipply 
voltages  turned  off. 

If  at  all  possible*  starting  of  the  computer  should  he  a  single 
switch  operation  end  probably  should  have  a  key  type  lack  to  prevent  unauthorised 
use.  Proper  interlock  circuits  must  be  available  for  starting  motor  generator 
sots  and  turning  on  filaments  first  and  in  proper  order* 

filament  voltages  should  be  increased  gradually  unless  we  have 
information  to  indicate  this  unnecessary.  • 

D~G  power  supplies  should,  probably  be  equipped  with  ripple  monitors 
which  are  essentially  a**c  amplifiers  operating  lock-in  r cloys  to  intrieato 
ripplo  or  transient  voltage  disturbances.  These  should  bo  sufficiently  broad¬ 
band  to  catch  video  spikes  appearing  in  the  d-c  linos  and  probably  should 
operate  through  gao  tubes  so  that  single  transients  will  be  recorded,  Likewise 
regulated  power  supplies  should  have  voltage  monitors  possibly  of  the  type  that 
compare  the  supply  voltage  with  a  standard  cell  through  a  vibrator  circuit, 
converting  the  signal  to  aye  and  cutiplifying  for  operation  of  indicating  circuits u 

Scopes  on  the  control  desk  should  Include  one  for  clock  pulses., 
probably  a  separate  one  for  indication  of  restorer  pulses 3  and  the  possible 
continuous  presentation  of  time-  pulse  distributor  and  operation  control  output 
signals  which  can  be  triggered  from  the  coincident  circuit  or  from  any  other 
source  which  will  give  a  useful  output,.  Perhaps  for  example*  cam  might  initiate 
the  scope  for  each  multiplication  or  each  addition  and  watch,  a  sequence  of  out¬ 
put  pulses  to  chock  for  jitter  and  irratie  operation* 

Should  a  push-button  for  inserting  single  pulses  into  the  restorer 
system  bo  available  in  order  that  the  triggering  of  flip-flops  can  be  observed? 

The  system  must  fee  interlocked  with  the  air  confJitioaiKg  for  temper'-" 
aturo  control  probably  with  thermostats  in  each  cabinet „  Cabinet  doors  should 
have  interlocks  so  that  open  doors  are  indicated  in  order  that  the  operator 
may  know  that  air  flow  is  interrupted  in  that  cabinet* 
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Considerable  attention  should  do  given  to  the  locatie;  and  grouping 
of  .noon  indicator  lights  considering  their  relative  impotence  to  ^  one  unoth*  r 
and  the  problem  of  easy  reading*  An  output  r agistor  fro®  the  teexual^  key¬ 
board  should  probably  line  up  with  the  dinplsy  of  register  lit1  '-a  oo  that 
easy  comparison  can  be  made  between  -any  decimal  number  and  the  ..unary  andicction 
from  the  registers  0  To  avoid  confusion,  slide  shutter 3  or  other  devices  might 
be  considered  for  masking  of  the  sero  position  lights  of  tho  f  ftp-flop  except 


wh an  necessary  for  checking  the  individual  flip-flop  operatic*.,,  v.he  contra,^ 
desk  roust  provide  indicators  for  the  film  supply  in  the  output  unit  and  for  ’-'ho 


controls  necessary  for  those  units,  especially  the  one  providing  graphical 
recording  where  the  start-stop  and  speed  controls  aay  be  manual  in  many  cases* 


Consideration  roust  ho  given  the  cockpit  simulation  problem  to  decide 
whether  my  control  for  that  system  @111  be  on  the  control  do  si:  or  merely 
interlocked  with  the  on  end  off  controls  of  the  computer  itself. 


It  is  probable  that  a  cathode  ray  tube  should  be  provided  on  the 


control  desk  which  will  bo  deflect  ad  by  the  deflection  voltages  of  has  storage* 


'tubes  and  which  will  be  triggered  by  tho  storage  tube  triggers.  It  snouid 
also  b®  possible  to  use  tho  coincidence  counter  system  for  triggering  this 
indicator  scope  at  any  desired  storage  operation  in  tb.3  cneck  problesa*  -‘-ho 
scops  could  have  ruled  or  indicated  on  its  face  the  proper  locations  of  the 
various  storage  positions  <> 


Jay  M, 
$  1 


Forrester 
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Project  Whirlwind 
Servomechanisms  Laboratory 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 


SUBJECT*  BLOCK  DIAGRAMS.  ELECTRO STATI 0  _  STOgAgg. 

To:  Jay  tf.  Forrester 

From:  Eobert  B»  Everett 

Dates  November  10,  1947 


Drawings: 

B-39391 

B-39392 

B-39393 

B-39394 


Block  diagrams  in  this  memorandum  on  eleotrostatlc  storage 
are  prepared  for  discussion  purposes.  They  are  supplied  as  illustrative 
information  and  will  bo  considered  in  detail,  revised,  and  extended  b®- 
fore  use  in  the  system. 

There  ar®  many  changes  which  can  be  proposed  for  the  aye  tern 
about  to  be  described.  Some  of  those  are  listed  at  the  end  of  the 
memorandum.  The  system  described  is  complete  within  its  limitations, 
however,  and  improved  designs  should  wait  for  more  exact  storage  speci¬ 
fications. 

Drawing  B-39391  is  a  block  diagram  of  a  single  electrostatic 
storage  tub®  and  its  associated  equipment.  The  box  labeled  “One  Electro- 
etatlo  Storage  Tube”  includes  any  neoessary  output  amplifier.  The  output 
of  the  storage  tube  is  sent  through  a  delay  to  a  three-position  fUp-xlop. 
This  flip-flop  it)  assumed  to  have  the  following  characteristics: 

1.  It  has  three  stablo  otatea. 

2.  It  can  be  set  to  any  of  these  three  stable  states  by 
the  application  of  triggers  to  the  proper  point©. 

3.  The  application  of  a  positive  trigger  to  the  trigger 
input  will  cause  it  to  switch  in  one  direction;  l.e, , 
from  2  to  1.  The  apjjlicatlon  of  a  negative  trigger 
to  the  same  trigger  input  will  cause  it  to  switch  In 
th«  opposite  direction;  say  from  2  to  3. 

4.  It  is  possible  to  pick  off  positive  signals  from 
vacuum  tube  plate©  to  correspond  to  the  three 
BtsSifl  states  of  the  flip-flop.  Furthermore,  thor® 
must  bo  at  least  one  point  with  thro®  potentials 
corresponding  to  the  three  states. 
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This  flip-flop®  and  for  that  matter  the -whole  system  to  be 
described,  has  been  mentioned  in  Memorandum  positions  of  this 

flip-flop  are  labeled  wit©  plus,  road®  and  write  minus  where  road  is  tho 
middle  position. 

The  action  of  the  otoraga  tub©  during  reading  or  writing  is 
determined  by  the  potential  of  one  of  it  a  elements®  either  tho  screen  in 
front  of  tho  storage  surfaces  or  tho  signal  plate  behind  it.  rfho  action  of 
th©  tube,,  sec  opt  for  polarities®  1®  unaffected  as  far  as  thoc®  block  dia- 
grams  are  concerned  by  which  element  is  oho  sen.  In  drawing  B-39391®  th© 
screen  or  plat®  is  ehown  connected  through  a  buffer  amplifier  to  t.ae  out¬ 
put  of  the  throe-way  flip-flop.  It  is  assumed  that  this  lin©  will  have 
a  different  voltage  level  for  th©  three  positions  of  the  flip-flop,  WLen 
th©  tube  is  not  being  used  for  reading  and  writing®  th©  holding  beam  xdl.1 
b©  on®  and  th©  screen  or  plat©  should  be  h©ld  in  th©  writ©  plus  position. 
It  will  probably  b©  desirable  to  turn  off  the  holding  beam  during  the 
operations  of  road  and  writ©  sinus,  Tho  holding  beam  is  thus  shown 
connected  to  the  seme  lin©  as  the  screen  or  plat©  in  such,  a  fashion  that 
whom  th©  screen  or  plat©  is  at  th©  writ©  plus  potential  the  holding  beam 
will  be  on®  while  if  tho  screen  or  plat©  is  placed  at  some  other  potential 
th©  holding  beam  will  be  turned  off. 

(Eke  sequence  of  events  for  using  th©  tubo  is  then  as  followsa 

1.  Set  tho  switches  which  determine  th©  deflection  voltage® 
for  all  the  tubes  in  th©  bank.  Two  or  thro©  microseconds 
must  bo  allowed  for  tho  bo  voltages  to  reach  th©.ir  final 
values,  boring  this  time  it  is  desirable  to  keep  th© 
holding  boom  on.  Tha  screen  of  the  tubo  will  thus  bo 
loft  at  th©  writ©  plus  position®  an  will  tho  throe-way 
output  flip-flop  Be 

Ze  Set  to  read  condition.  When  the  deflection  voltages  are 
almost  set  and  just  before  the  high  velocity  beam  la 
pulsed®  it  la  necesBiiry  to  sot  th®  three-way  flip-flop 
to  the  road  condition;  thus  setting  the  screen  or  plate 
voltage  to  th©  read  condition  sncl  turning  eff  th©  holding, 
beam. 

30  Th®  high  velocity  beam  is  then  turned  on. 

40  After  th©  reading  time  has  ©lapsed,  the  high  velocity 
beam  is  turned  off.  The  delay  element  in  th©  signal 
line  from  the  tube  to  the  flip-flop  is  mad©  largo  enough® 
if  necessary  by  th©  us©  of  additional  tub©  elements®  so 
that  the  screen  or  plat©  potential  may  b©  hold  in  th® 
read  position  until  th©  tub©  has  b©on  completely  r©ad0 
VJhen  the  beam  lias  been  turned  off®  tho  three-way 
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flip-flop  rouflt  hare  beep  set  into  on©  of  ivs  wrlttf 
positions  because  either  a  positive  o.?^a  -  v 

output  must  have  cone  from  the  tub®.  *t  ia  r*4.cu.y 
posnibl©  to  chock  to  so©  whether  the  three-way 
fIJp-flop  is  ia  one  of  its  writ,®  oat  positions.  «w  o 
la  shorn  schematically  &*>  diodo  mixing  onto  a  check  :ior 
write  lino  which  con  me  bo  to  all  tuboa  in  the  be®k» 

5„  Send  »  single,  pales  to  the  main-control  time -paisa 
distributor.  It  ia  assumed  that  the  control  pul  as  3 
for  the  elect  rout  at  ic  storage  tub©  bank  are  derived 
a  speeds!  alaotro static  storage  control  which  ha©  •',f 
information  a©  to  whether  the  tubas  aro  to  be  reea.  cv 
written  on.  flio  singl©  pulse  saat  to  the  main-con  j j  o.', 
time-pul oo  distributor  will  return  read-cut 0  rcad^-r.  or 
clear  signals  to  the  three-way  flip-flop  and  c  at  am 
same  tlmo,  pulse  tho  neoessary  gates  ia  the  other  oenup  ■ 
meat  of  the  computer.  Xf  the  storage  is  to  b®  read  out,, 
the  reed  out  to  bus  line  is  pulsed  and  the  Information 
is  sent  out  through  the  gate  tube  and  the  bus  driver  no 
the  boa.  She  three-way  flip-flop  and  screen  aro 
set  so  that  tho  previous  signal  wil3.  bo  restored  tto 
tho  high-velocity  boom  is  turned  on.  If  the  tube  1© 
to  be  stored  on8  the  read  in  from  buo  signal  ilrs'. 
the  tbrse-way  flip-flop  to  the  write  minus  position,  *.t 
also  gates  tho  in  gate  tub©..  If  a  on©  comoo  in  f»«  «*» 
bus  the  three-way  flip-flop  will  be  reset  to  the  wU® 
plus  position;  otherwise*  it  will  be  loft  la  'she  wrio© 
minus  position,, 

8. .  The  high  velocity  beam  is  again  turned  on. 

7  After  tho  proper  time  has  ©lapsed  tho  high  velocity  ©©-»' 
will  be  turned  off-,  kb.©  signal  should  have  set  the  < 
three-way  flip-flop  back  to  the  read  or  neutral  pos*6-one 
a  fact  ••dxlch  can  be  checked  using  tho  check  for  reaa«in 
gate  tube. 

the  chock  is  successful  the  three-way  flip-flop  sh<mL;  he 
reset  to  the  write  plus  condition  thus  toning  on  the  holding  *»«*". 
leaving  the  tuba  in  its  normal  condition,.  A  pulse  should  aifco  be  ma*  t? 
the  main  control  restarting  it  and  stopping  the  electrostatic  storage  control 

•!%»  electrostatic  storage  control  presents  some  special  problems 
Bine©  tho  times  involved  aro  not  finally  established  and  operation  should  be 
made  adjustable  over  wide  Units  If  possible.  Drawing  B-39S9^  ohowa 
possible  method  for  accompl  i  eld  n.g  tho  control  of  the  eloctro static  t 
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It -uses  on  eight  W  ti»  va."  distributor  M* 

the  one.  need  In  the  main  control  of  tho  colter.  ^o  < ^ 

£,^S?2^,S^.7Sf  5  T^ioTZnur  fto***?  *•«*- 

S.  ZIZn  outputs  of  the  time  puloo  diotrlbutor  of  from  1  to  16 
microseconds. 

fPh«  start  nienaL  from  the  main  control  switches  th©  flip-flop, 

opening  ttogate  Wbe/fid  allowing  the  one  megapel©  low  f^^Lrt Scalar 
opemnb  v*«a  »  •  .  bh,_  normter  ha  a  haon  preset  to  ©om©  particular 

££  •£«  J2ITSS‘«1?SS«K  tho  next  puloo  will  trorel 
down  tho  high  opoed  oariy  goto  tube  lino -‘“‘SufSJlf 111? cw”ePconneot«d 

=«SSSrS ft  s 

reach  «te  time  puls©  distributor.  latemediate  i^ete  p^lso 

5£^.“ 

S^ss i =Hr . 

eoldarod  in  place. 

Drawing  B-39393  shows  a  complete  control  of  the  electrostatic 

storage.  STuL  are  oonnootod  to  th.  bus.  there ho ta«  »-»*' 

corresponding  to  banfco  1  and  3  connocte  0  ®ac  _  .  flons  of  all  tubeo 

th,  «!«•  in  ita  normal  "on.  She 

will  ho  at  the  writs  pins  cond  .  .  tholr  cleared  pooition  on 

owitchoo  in  tho  selection  derioeo  will  ^1  to  ot  'heir  oioaro  p^  ^ 

will  the  eleotroetatio  storage  control  time  pulse  '  J  .  iv 

:ss."  t:  ssSimSu:  Sj»- -  «■„“£• 

*SS£S" 

af-SKi S3:  s  ■tarasK  sag 

“SHSt  rL£s.*s-“=“ 

has  ©lapsed,  the  first  puls©  will  appear  out 

read^to ° tho^^ad^eondi.tlon, 3e'Il^^outputsof ^ho^hanfc^selsction  flip-flop  arc 
thus  supplied  to  th©  gat®  tubes  01o  Ih®  initial  pulse  coming 
electrostatic  storage  tube  control  will  thus  go  out  only  that  henk  lia©  which 
£T£|[  tllecZZ  It  Will  switch  only  those  flip-flops  1»  *•  Bcleotcd  ban*. 
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After  another  s©I acted  delay  the  second  pula©  villi  appear  whose 
purpose  As  to  turn  on  the  high  velocity  Deem  in  the  selected  tube.  Once 
again  it  In  necessary  to  use  the  output  of  the  bunk  aoloetion  Hip-flop 
to  set  the  gate  tuhoa  02,  thus  allowing  the  hem  pulse  to  ^ 
those  h earns  in  the  celectod  banks.  Since  the  beam®  are  to  be  kept  on  *or 
an  appreciable  time,  holding  flip-flop®  are  provided  Mich  oot  up  a  voltage 
through  the  buffer  amplifier  on  the  line  going  uo  the  selected  bank  for 
holding  on  the  hlgx  velocity  bee®. 

After  another  oolected  delay,  the  third  puls®  will  appear  from 
the  electrootatic  control  and  will  be.  applied  to  the  react  inpuoj  of  both 
the  beam  flip-flop®;  thus  turning  off  the  on  boons  but  not  affecting 
off  beam®.  This  pul  so  will  also  go  to  the  gate  tub©  on  the  check-for-write 
line  9  sending  out  sn  alarm  if  ©y  of  the  flip-flops  have  failed  to  be 
changed  from  their  read  position. 

After  another  delay,  probably  of  short  duration,  the  next,  or 
fourth  pulse,  appears  from  the  electrostatic  control.  Shi®  pulse  is  sent 
to  the  main  control  time-pul sa  distributor  and  provides  the  reading  and 
writing  pulses  to  the  storage  tubes.  It  may  or  may  not_b®  t* 

channel  the  read  and  write  pulses  to  gate- tubs  pairs  selected  by  the ^ 
selection  flip-flop,  depending  on  the  particular  polarities  needed  dur.  ng 

the  holding  action. 

She  fifth  pulse  from  the  electrostatic  control  turns  on  the  high 
velocity  beam  again  through  the  gate  tubes  02  end  the  holding  ^ip-flops. 
After  a  suitable  delay,  pulse  number  six  will  appear  and  turn  off  the  nigh 
^locityTeaT  It  wUl  Slso  chock  for  read  using  the  check-for-read  line 
and  gate  tube  and  send  out  an  alarm  if  any  of  the  three-way  flip-flops  on 
the  selected  bank  have  not  been  returned  to  the  read  oeaditioii. 
is  also  used  after  a  delay  to  clear  the  three-way  flip-flops  back  *b® 
write  plus  condition;  thus  turning  on  the  holding  beam  and  *  .  t] 

in  the  holding  condition.  This  sixth  pu3.se  also  clears  the  switches  An  th 

horizontal  and  vertical  deflection  and  bank  selection  i ^wtroatltlc  storage 
the  main  control  time  pulse  distributor,  ana  resets  the  electrootatic  storage 

control  time  pulse  distributor  to  its  zero  position. 

The  tubes  can  then  remain  in  a  holding  condition  as  long  a® 
desired  or  may  be  read  again  immediately 0 

Drawing  B- 39 394  shows  the  additions  to  the  present  oomputer  aystem 
caused  by  electrostatic  storage,  The  rest  of  the  computer  It  not  shown  but 
is  the  same  as  in  Figure  46  in  Block  Diagram  Beport  B^127.  The 
static  storage  tubeB  and  the  selector  switches  are  connected  to  the  bus. 
While  there  is  no  connection  between  the  bus  and  th®  electrostatic  con  ro  , 
the  control  must  be  supplied  with  dock  pulseso 
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Tho  control  pulsed  from  the  main  control  to  the  electro  static 
storage  are  already  almost  aLX  present  in  test  storage,,  Th©  read-out 
read-in  for  th©  switches,,  the  read-out  road-in  for  tho  electrostatic  storage 
tubes  themselves,  the  start  for  the  electrostatic  control,  and  th©  restart 
for  the  main  control  are  already  present.  Th®  start  and  restart  ar©  at 
present  used  for  the  delay  counter,, 

®heso  “block  diagrams  are  not  only  tentative  hut  incomplete. 
Provision  has  not  been  mad©  for  using  tho  transfer  check  on  either  th© 
storage  switch  settings  or  in  using  the  storage  itself,  except  in  the  case 
of  reading  out.  When  reading  in  to  either  th©  switches  or  tho  storage,  it 
is  necessary  to  read  out  again  immediately  to  tho  main  “bus  for  checking 
purposes.  This  difficulty  can  ho  easily  avoided  in  the  cas®  of  the  switches 
hy  not  stopping  the  main  time  pulse  distributor  until  one  puls©  time  after 
the  electrostatic  control  has  hem  Btartad,  This  one  pulse  time  can  ho 
used  for  ordering  the  transfer  check.  In  the  case  of  reading  in  to  the 
electrostatic  storage,,  one  possibility  is  to  send  two  pulses  to  th©  main 
time  pulse  distributor  instead  of  the  ono  proposed  at  present.  It  should 
h®  eaoy  to  work  out  these  details. 

1  think  that  the  electro static  storage  control  is  probably  flexible 
enough  for  our  purposes.  lot  only  does  it  possess  the  advantage  of 
adjustable  delays  between  pulses  but  it  uses  our  standard  and  already 
designed  eight  way  tim©  pulse  distributor  and  provides  two  spares  for 
unforseen  operations. 

Among  th®  many  possible  changes  in  this  system  are  the  follotdngs 

1,  Th®  us®  of  a  single  output  three-way  flip-flop  system  for 
the  two  tubes  in  each  digit  column.  Wav  systems  with  isore 
than  two  banka  of  storage  tubes,  all  the  tubes  In  one  digit 
column  could  be  connected  to  one  output  system.  Some  special 
equipment  would  be  required  for  mixing  but  a  net  saving  of 
tubes  should  result, 

2,  Th®  delay  in  the  tube  output  line  could  be  avoided  by  pro- 
vlding  a  special  holding  flip-flop  for  the  screen  and 
triggering  this  flip-flop  from  the  output  three-way 
flip-flop, 

3,  The  characteristics  of  the  output  flip-flop  and  the  checking 
procedure  could  be  changed  to  avoid  tho  effects  of  ewltohlng 
transients  on  the  tube  output, 

4,  If  the  write  tim®  on  the  tube  is  appreciably  longer  than  th© 
read  time,  th©  sequence  oan  be  changed  to  only  provide  th© 
long  writ©  tim©  when  a  signal  is  badag  stored.  Only  part  of 
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tb®  charge  need  'bo  removed  when  reading  thus  allowing 
relatively  rapid  restoring  if  the  data  is  not  changed. 
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Robert  R„  Everett 
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Project  Whirlwind 
Servomechanism  Laboratory 
Massachusetts  Institute  of  Technology 
Cambridge,,  Massachusetts 


SUBJECT :  ACCUMULATION  OF  PRODUCTS  IK 


To;  Jay  Wo  Forrester 

From:  Robert  R,  Everett 

Date:  November  10 ,  1947 


This  memo  considers  briefly  the  problem  of  accumulating  products 
in  WHIRLWIND  I  without  the  necessity  for  storing  the  partial  sum  in  the 
memory  at  each  step  of  the  process.  Such  accumulation  of  products  will 
not  be  included  in  the  original  construction  but  can  oe  aaded  labor  o*  . 
included  in  future  designs  for  any  application  for  which  the  operation  in¬ 
sufficiently  valuable o  I  would  suggest  the  followings 

2_o  That  the  problems  be  accumulated  in  a  sixteen  digit  sh^fti.ng 

register  similar  to  the  B  Register1  which  is  so  arranged  that  on  salt  is 
and  carries  it  win  shift  one  step  to  the  right  and  at  the  same  time 
insert  its  right-most  digit  into  the  left-most  digit  po3iwxon  or  the 
accumulator.  Suppose  then  that  we  ar®  in  the  middle  of  the  product  accumu¬ 
lation  process,  The  sum  of  the  products  to  date  is  in  this  special  register 
which  I  shall  call  the  Holding  Register,  HR,  We  will  now  order  the  next 
multiplication  by  a  special  multiplication  order  which  I  shall  call  aa  fox 
multiply  and  accumulate,  I  think  at  the  moment  that  it  would  be  better  to 
use  a‘ special  multiplication  order  for  the  accumulation  process  rauher  th  n 
use  a  special  storage  order  later  on  for  clearing  the  holding  register. 

Thin;  wiLl  enable  us  to  carry  out  sequences  of  other  operations,  including 
normal  multiplications,  between  eteps  of  th©  accumulation  process.  The 
ma  operation  proceeds  aa  in  the  normal  multiplying  round-off  operation, 

5r9  up  through  time  pulse  1  when  the  multiply  pulse  turns  the  control  over 
to’9 the  multiplication  control  inside  the  arithmetic  element 0  Iho  mul-tipli- 
cation  process  is  exactly  the  same  as  far  as  the  existing  arithmetic  eluent 
is  concerned  but  in  this  special  case  the  shift  and  carry  pulses  are  also 
supplied  to  HR,  shifting  its  contents  one  stop  to  the  right  and  shifting  its 
right ’-mo st  digit  into  the  AC0  position  of  the  accumulator.  The  next  multi¬ 
plication  addition  will  add  the  multiplicand  on  top  of  the  shafted  part ia3 
product  plus  whatever  has  been  inserted  from  HR,  ’Alien  the  multipiication 
process  is  over,  the  entire  contents  of  HR  will  have  been  aaded  into  the 
accumulator  in  proper  sequence,  Tho  carry  will  have  boon  properly  caroo  for 
and  no  additional  time  will  have  been  required  for  this  accumulation. 

Consider  now  Figure  %  in  the  Block  Diagram  Report  R~12?,  Tills 
figure  is  the  timing  diagram  for  the  multiply  and  round-off  operation. 

The  multiply  puls®  occurs  on  time  pulse  1,  Following  the  additions  of  tho 
multiplication,  the. control  is  returned  to  tho  main  time  pulse  distributor. 
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Time  pulse  2  orders  the  carry  and  round-off  operations  which  are.  still 
nee  do  d0  In  order  to  get  the  extra  time  required  for  replacing  the  sum 
in  the  Holding  Register,  we  will  move  the  product  sign  puls©  from  time 
pulse  4  to  time  pules  3,  where  it  will  occur  at  the  same  time  as  the 
clear  BE  pulse0  At  the  end  of  time  pulse  3,  the  correct  sum  of  products 
to  date  will  be  in  the  accumulator „  On  time  pu3.se  4,  therefore,  vre  can 
transfer  this  sum  back  into  the  Holding  Registers  It  will  be  necessary 
to  invert  the  shifting  of  zeros  and  ones  from  the  light  end  of  the 
Holding  Register  to  the  left  end  of  the  accumulator,  depending  on  the 
position  of  tli®  sign  control  flip-flop  in  the  arithmetic  element 0  Or  the 
contents  of  HR  can  be  complemented  as  well  as  AR  ai  d  AC„ 

20  I  can  ss®  no  objection  to  this  process  at  the  moment.  Very 

little  change  is  needed  in  the  main  control,,  The  extra  Holding  Register 
which  can  be  made  identical  to  a  B-Regiatar  must  be  added,  as  well  as 
connections  from  its  right  digit  to  the  left  digit  of  AC.  The  greatest 
change  required  in  the  computer  is  a  set  of  gate  tubes  which  will  allow 
reading  the  contents  of  the  accumulator  back  into  HR  at  the  completion 
of  the  ma  operations  A  possibility  to  be  considered,  particularly  if 
this  device  is  added  aftor  WHIR1WIHD  I  has  been  completed,,  is  to  shift 
the  contents  of  the  accumulator  back  into  HR,  particularly  since,  if  HR 
is  made  like  BR,  it  will  be  able  to  shift  loft0  Them,  if  we  provide  a 
special  ahift-loft  lino,  including  a  pair  of  special  shift-left  gates 
on  AC  zero,  that  is,  gates  which  arc  different  from  the  divide  shift- 
left  gates,  m  can  shift  the  entire  contents  of  AC  back  into  the  Holding 
Register  without  th®  necessity  for  adding  an  extra  row  of  gate  tubes 0  If 
this  is  done,  it  will  be  necessary  to  us®  th®  step  counter  to  count  tho 
number  of  operations„  This  can  be  accomplished  by  resetting  it  to  its  -16 
position,  using  probably  the  same  line  that  is  used  for  tho  multiplication 
operations  Under  those  circumstances  an  extra  flip-flop  will  ba  required 
in  the  arithmetic  e lemon t  which  can  be  pulsed  on  tine  pulse  4  which  will 
in  turn  shut  off  tho  main  control,  reset  tho  step  counter,  supply  Holding 
Register  shift-left  pulses  to  both  Holding  Register  and  Accumulator,  count 
up  16  shifts,  then  clear  the  Accumulator  and  return  the  control  to  tbs 
operation  control,,  Th©  transfer  pulse  can  be  delayed  a  half -pulse  time 
and  used  for  clearing  the  accumulator . 

3o  We  still  need  a  means  for  getting  the  product  sum  out  of  HR 

to  send  it  to  storage,  when  the  summation  is  complete 0  This  can  lb©  done 
in  several  ways: 

(a)  Provide  a,  special  order  which  will  transfer  the  contents  of 
HR  into  AC  by  shifting  on  request 0 

(b)  Provide  another  multiplication  and  accumulate  order  which, 
instead  of  transferring  th©  sum  back  to  HR  on  completion,  will  instead 
leave  it  in  AC» 
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(c)  If  it  is  considered  not  undesirable  to  lose  the  advantage 
suggested  above  of  being  able  to  carry  out  other  multiplication  opera¬ 
tions  between  summations  9  the  standard  multiplication  order  can  be 
modified..  Always  shift  in  the  contents  of  HR,  it  being  the  special 
m  multiplication  operation  only  which  replaces  the  sum  xn  the  Holding 
Register0  A  normal  sequence  for  summing  multiplications  vail  then 
consist  of  all  ma^s  except  for  the  last  one  which  would  be  a  standard 
mr  and  would  end  up  with  the  total  sum  in  the  accumulator 0 


✓***  /  / 


I  f  v  jmr  ^  » 


Robert  Ro  Everett 
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Project  Whirlwind 
Servomechanisms  Laboratory 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 


SUBJECT:  BLOCK  DIAGRAMS,  INPUT  AMD  OUTPUT 


To:  Jay  W.  Forrester 

From:  Robert  R.  Everett 

Date:  November  10,  1947 


The  film  input  and  output  to  be  uBed  with  Whirlwind  I 
is  described  briefly  in  a  report  by  the  Eastman  Kodak  Company 
entitled  ''Progress  Report  #1:  Film  Reader-Recorder  f°r  ™3© 
with  Computer"  by  R.  D.  O’Neil.  A  single  unit  with  modifica¬ 
tions  is  used  for  both  purposes.  Reader-Recorders  are  needed 
at  the  set-up  typewriters,  at  film  comparison  stations,  at  the 
inputs  and  outputs,  from  the  computer,  and  possibly  at  output 
printers.  These  uses  plus  an  estimate  of  the  total  number  of 
units  required  for  Whirlwind  I  are  discussed  in  M-7S. 

Briefly,  these  machines  consisted  of  a  clutch  control¬ 
led  35  ram.  film  drive  plus  an  optical  system  and  a  combination 
of  a  cathode  ray  tube  and  several  photocells  for  putting  informa¬ 
tion  on  the  film  or  taking  information  from  the  film.  In  writing, 
the  beam  of  the  cathode  ray  tube  is  swept  across  the  surface 
of  the  tube  which  is  supplied  with  a  mask  and  focussed  on  the 
surface  of  the  film.  Both  numbers  and  their  complements  or 
inverts  are  stored  on  the  film.  If  all  is  being  stored,  the 
beam  is  left  in  the  number  row  while  if  a  zero  is  to  be  stored, 
the  beam  is  deflected  to  the  complement  row.  Information  is 
stored  in  binary  notation  as  a  series  of  opaque  or  transparent 
squares  on  the  surface  of  tbs  film.  Approximately  60  channels 
are  to  be  used,  A  beam-splitter  is  used  to  deflect  some  of  the 
beam’s  light  to  a  pair  of  photo-cells,  which  both  determine 
whether  a  cero  or  a  one  lias  been  stored  and  supply  confcro 
pulses  for  indexing  the  beams. 

In  reading,  much  the  same  system  is  used  except  the 
beam  is  swept  across  the  face  of  the  tube  without  vertical 
deflection,  first  aoross  the  number  line  and  then  across  bhe 
complement  line.  Photo-cells  behind  the  film  pick  up  signals 
whenever  the  beam  strikes  a  transparent  spot.  For  further 
details  see  the  Eastman  Report. 
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The  characteristics  of  this  system  are  as  follows: 

1„  Since  the  beam  is  swept  in  time  across  the  face 
of  the  film,  the  digits  Eire  stored  or  read  in  time . sequence 
and  must  be  supplied  to  and  received  from  the  reader-recorder 
in  time  sequence,  that  is,  serially. 

2.  When  recording  the  recorder  can  transmit  back 
to  the  computer  the  actual  number  stored, 

3.  When  reading,  the  reader  sends  to  the  computer 
not  only  the  number  but  the  complement  of  the  number,  2,  and 
3.  may  be  used  to  give  a  quite  thorough  check  on  the  reader- 
recorder. 

4.  As  each  digit  is  stored  or  read  the  reader -recorder 
can  supply  a  pulse  to  the  computer  requesting  the  delivery  or 
reception  of  the  next  digit, 

5.  The  film  stores  about  a  hundred  lines  of  data  on 
a  linear  inch  of  film.  A  word  may  require  either  one  or  two 
lines  depending  on  the  length  of  the  word  being  stored,  A 
twenty-five  binary  digit  word ,  satisfactory  for  Whirlwind  1, 
could  be  stored  effectively  in  one  line  although  actually  the 
word  itself  will  be  stored  on  half  of  one  line  and  tho  com¬ 
plement  of  the  word  on  half  of  a  succeeding  line,  Tho  lino  a 
being  interleaved  in  such  a  fashion  as  to  use  all  the  surface 
of  the  film.  If  fifty-digit  data  were  being  recorded  two  whole 
lines  would  be  needed  although  these  lines  might  again  bo  out 
up  into  four  or  more  linos  interleaved  so  as  to  cover  the 
entire  surface  of  the  film. 

6.  Tho  film  moves  at  a  speed  of  approximately 
twenty  inches  por  second  all  caring  a  reading  rate,  of  the  order 
of  1,000  words  per  second.  The  beam  of  the  cathode  ray  tube, 
however,  in  sweeping  serially  across  the  film,  sweeps  in 
approximately  fifty  micro-seconds ,  This  time  is  short  enough 
so  that  the  linear  travel  of  the  film  during  the  sweep  does 
not  produce  an  appreciable  alignment  problem.  Information 
must  be  supplied  to  the  reader-recorder  or  received  from  it 
either  at  .5  megacycle  rate  cr  at  a  1  megaoyclo  rate  depending 
upon  the  number  of  digits  being  stored  and  the  particular 
storage  arrangement  being  used. 

7.  In  recording,  a  glass  wheel  in  the  recorder 
oontains  an  index  mark  which  is  used  for  spacing  the  words 
equally  along  the  film.  In  reading,  on  index  placed  in  the 
margin  of  the  film  during  the  recording  is  used  to  indicate 
when  a  word  is  in  the  reading  position.  In  both  oases  the 
reader-reoorder  supplies  the  ready  information  to  tho  computer . 
Sinoe  about  one  millisecond  elapses  between  readings  of  words, 
the  computer  has  adequate  time  for  its  own  control  operations. 
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Since  the  reader-reoorder  is  relatively  slow  in 
operation  when  compared  with  the  rest  of  the  computer,  it  has 
been  felt  desirable  to  build  special  equipment  for  connecting 
the  reader -recorder  to  the  computer.  This  Bpecial  equipment 
will  allow  the  transfer  of  information  in  either  direction  with 
only  a  very  short  interruption  of  the  main  computer  cycle. 

This  extra  equipment  can  be  avoided  if  the  loss  of  time  resulting 
from  using  the  main  computer  equipment  oan  be  tolerated.  A  pro¬ 
posal  is  discussed  in  this  memorandum  for  automatically  obtaining 
information  to  be  recorded  from  or  read  to  the  main  storage  of 
the  computer  without  the  intervention  of  the  main  control.  It 
is  still  not  clear  whether  this  additional  equipment  is  desirable. 
It  may  be  that  at  first  at  least,  the  Whirl-wind  1  computer  will 
avoid  this  speoial  automatic  equipment,,  The  equipment  oan  be 
added  later  if  desired.  The  decision  must  wait  until  further 
study  has  been  made  both  of  the  cost  of  the  special  equipment 
in  extra  computer  complexity  and  size  and  the  saving  in  operating 
speed  and  in  coding.  The  Bystem  will  be  described  here  plus 
mention  of  how  the  same  operations  can  be  carried  out  using 
normal  computer  orders  and  equipment. 

D-39395  shows  a  pair  of  reader-recorders  and  the 
equipment  necessary  for  connecting  them  to  the  bus  of  the 
computer.  This  equipment  consists  largely  of  a  pair  of  step¬ 
ping  or  shifting  registers  which  have  a  number  capaoity  equal 
to  the  digit  length  of  the  machine.  This  will  be  sixteen  digits 
in  the  case  of  Whirlwind  I.  A  pair  of  registers  iB  needed  for 
oheoking  purposes.  The  pair  of  registers  is  referred  to  as 
SR,  the  particular  registers  being  called  SRN  for  the  number 
stepping  register  and  SRC  for  the  complement  stepping  register. 
One  pair  of  these  registers  will  suffice  for  handling  both 
reader  and  recorder  although  more  stepping  register  pairs  can 
be  added  if  higher  input  and  output  speeds  are  desired. 

The  recording  process  is  as  follows: 

1.  The  number  to  be  recorded  (the  source  of  this 
number  will  be  disoussed  later)  comes  in  from  the  bus  to  the  num¬ 
ber  stepping  register  through  GT01.  From  there  the  complement 

of  the  number  is  transmitted  to  the  complement  stepping  register 
through  GT04. 

2.  When  the  index  mark  in  the  recorder  shows  that 
the  film  line  is  in  the  right  position,  the  recorder  will  send 
out  a  stepping  pulse  to  the  number  stepping  register  thus 
shifting  its  right  most  digit  off  into  the  out  lines  and  from 
there  to  the  recorder, 

* 

3.  The  recorder  will  store  a  1  in  either  the  number 
or  the  complement  line  depending  upon  whether  the  number  shifted 
in  was  a  1  or  a  0.  The  beam  splitter  photo  tubes  will  send  a 
signal  baok  to  the  left  end  of  the  number  stepping  register, 
transferring  a  1  if  a  1  were  stored  or  a  0  if  a  0  were  stored. 

If  the  system  is  working  properly  the  digit  shifted  off  the 
right  end  of  the  stopping  register  will  be  replaced  in  the  left 
end. 
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4.  The  besm-Bplitter  signal  will  also  generate 
another  stepping  pulse  to  the  number  stepping  register .  This 
process  continues  until  the  entire  number  has  been  sent  to 
tho  recorder o  When  the  beam  has  finished  sweeping,  it  will 
actuate  a  photo-cell  which  will  stop  the  stopping  process  and 
send  out  a  signal  on  tho  complete  line* 

5,  The  number  which  has  actually  been  recorded 
will  have  been  replaced  in  the  number  stepping  register .  The 
aotual  stored  number  is  again  added  to  the  complement  stepping 
register  clearing  it  to  all  zeros  unless  a  mistake  has  been 
made  in  the  recording  process.  A  oheck  pulse  to  the  complement 
stepping  register  will  check  to  make  sure  that  the  register 
has  been  cleared  and  will  produce  an  alarm  if  any  error  has 
been  made. 

The  reading  process  is  as  follows: 

1.  Both  the  number  and  complement  stepping  registers 
are  cleared  to  begin  with. 

2.  When  the  index  mark  of  the  next  word  has  reached 
the  reading  position,  the  reader  cathode  ray  tube  will  start 
to  sweep.  Assume  for  the  moment  that  the  number  line  is  swept 
first  and  then  the  complement  line*  although  this  process  may 
be  different  when  the  final  interleaving  method  has  been  deter¬ 
mined.  The  reader  will  then  first  provide  ones  or  seres  to  go 
into  the  left  end  of  the  number  stepping  register. 

S.  As  each  digit  is  read,  the  reader  will  send  a 
stopping  signal  to  the  number  stepping  register  and  will  at 
the  same  time,  insert  the  read  digit  in  the  left  end  of  this 
register . 

4.  When  tho  beam  has  finished  sweeping  the  aotual 
number  road  will  be  in  tho  number  stepping  register.  The  beam 
will  then  start  over  and  read  the  complement  line. 

5.  Stepping  pulses  are  then  sent  to  the  complement 
stepping  register  and  digits  inserted  in  its  left  end  until  the 
entire  line  has  been  swept. 

6.  The  number  is  now  in  the  number  stepping  register 
and  the  complement  in  the  complement  stepping  register.  The 
number  can  then  be  read  through  its  complement  output  gates 

to  the  complement  stopping  register  clearing  it  unless  there 
is  a  discrepancy  between  the  two  readings .  Once  again  a  oheck 
pulse  is  sent  to  tho  complement  stepping  register  causing  an 
alarm  if  an  error  has  been  madOo 

There  are  also  stop  start  lines  to  the  reader  and 
recorder  for  engaging  and  disengaging  the  clutch  drive  on  the 
film. 
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It  would  be  possible  to  use  the  accumulator  in  the 
arithmetic  element  as  the  stepping  register  for  recording, 
comparing  it  later  with  the  aotual  number  to  be  recorded,  ones 
again  extracted  from  storages  The  accumulator  can  also  be 
used  in  reading,  the  number  being  road  into  the  accumulator 
first  and  stored  and  then  the  complement  being  read  into  the 
accumulator,  which  is  also  used  for  the  comparison  process. 

It  is  possible  with  only  slight  modification  to  the 
existing  control  to  use  the  standard  orders  already  available 
for  supplying  information  to  the  stepping  registers  when 
recording  and  extracting  information  from  the  stepping  registers 
when  reading.  Signals  from  the  readers  and  recorders  could  be 
transmitted  to  the  control,  breaking  into  the  main  sequence 
at  come  strategic  point  and  calling  in  a  sub-program  particular - 
ly  designed  for  the  reading  recording  process.  The  computer 
could  lceep  indexes  in  the  storage  for  locating  the  source  of 
numbers  to  be  recorded  or  the  destination  of  numbers  read. 

Certain  special  input  and  output  orders  would  be  needed  for 
starting  and  sto'pping  the  reader-recorders  and  for  transmitting 
information  to  and  from  the  stopping  registers.  Once  the 
relatively  small  group  of  operations  neoe3sary  to  set  up  a 
new  word  had  been  performed,  the  computer  could  then  return 
to  its  regular  computing  sequence. 

A  possible  way  of  taking  care  of  the  reading  and 
recording  sequences  automatically  will  now  be  discussed .  This 
way  has  the  following  characteristics: 

1.  A  section  of  the  regular  electro-static  storage 
is  designated  as  a  sort  of  buffer  between  the  main  computer 
and  the  input  and  output  equipment..  The  size  of  this  buffer 
storage  is  arbitrary  and  depends  upon  the  amount  of  reading 
or  recording  being  done.  The  us©  of  part  of  the  electro¬ 
static  storage  for  this  purpose  does  not  in  any  way  prevent^ 
its  use  for  normal  computer  purposes  except  at  those  specific 
times  when  the  input'  and  output  are  being  used. 

2„  The  number  of  registers  in  this  storage  would 
probably  be  a  power  of  two.  The  register  section  could  ther. 
be  considered  as  a  ring  or  sequence.  Numbers  going  into  the 
storage  would  go  into  the  first  empty  register  in  the  f  p 
part  of  the  sequence  while  numbers  being  extracted  from  the 
storage  could  come  from  the  first  full  register  on  the  lower 
part  of  the  sequence.  If  the  sequence  is  considered  as  a  ring, 
this  process  can  continue  as  long  as  there  are  any  full  registers 
or  any  empty  registers  in  the  amount  of  storage  allocated. 

3.  In  order  to  use  this  ring  automatically,  it  will 
be  neoessary  to  keep  track  of  three  things : 

a.  the  register  number  of  the  first  full 

register,  used  for  extracting  information 
from  the  storage. 
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b.  the  register  number  of  the  first  empty 
register,  used  for  entering  information 
into  the  storage . 

Co  the  number  of  full  registers  in  the 
storages  This  number  must  be  kept 
traok  of  since  special  steps  must  be 
teken  if  the  Btorage  seotion  becomes 
either  completely  empty  or  completely 
full. 

Drawing  B-39396  shows  this  system  as  applied  to  the 
recording  operation.  The  in-counter  keeps  traok  of  the  first 
empty  register  position  in  the  storage  and  is  indexed  every 
time  a  new  number  is  entered.  The  out-oounter  keeps  traok  of 
the  first  full  position  in  the  storage  and  is  indexed  each 
time  a  number  is  extracted.  The  difference-counter  counts 
positively  for  numbers  added  and  negatively  for  numbers  ex¬ 
tracted.  The  recording  process  is  as  follows: 

1.  Whenever  the  oomputer  has  a  number  it  wishes 
recorded  it  transfers  this  number  to  the  storage,  using  the 
in-oounter  reading  to  select  the  register  in  which  the  num¬ 
ber  is  to  be  placed.  The  difference-counter  keeps  track  of 
these  insertions  and  when  the  storage  ring  has  been  filled 

to  a  certain  pre-determined  amount,  it  starts  up  the  recorder. 
When  the  index  mark  in  the  recorder  has  reached  a  recording 
position,  the  reoorder  sends  a  complete  signal  to  the  control, 
thus,  setting  the  flip-flop  shown  in  the  lower  left-hand  part 
of  the  drawing  and  opening  GT05.  It  is  not  possible  to  break 
into  the  standard  computing  sequence  at  any  time  because  so 
doing  may  destroy  a  part  of  an  order  incompletely  carried  out. 
However,  when  time  pulse  number  1  occurs  a  new  operation  is 
just  starting.  The  arithmetic  element  may  be  working  on  some 
old  information  but  the  arithmetic  element  is  not  needed  for 
the  recording  process  about  to  be  described.  Time  pulse  No.  1 
therefore  is  supplied  to  GT05,  and  thus  produces  a  pulse  to 
initiate  the  recording  operation  only  at  this  selected  part 
of  the  operation  cycle „ 

2.  The  pulse  coming  from  GT05  first  stops  the 
main  time-pulse  distributor,  thuB  stopping  the  computing 
process.  This  pulse  also  reads  out  the  information  from 
the  out-oounter  as  to  the  first  full  register  in  storage 
and  also  goes  to  the  electrostatic  storage  control  where 
it  initiates  the  extraction  of  this  register  number. 

3.  The  storage  switch  automatically  accepts  the 
out-oounter  reading  and  no  further  action  occurs  until  the 
electrostatic  storage  has  been  set  up, 

4.  The  single  pulse  from  the  electrostatic 
storage  control,  which  is  normally  used  to  index  the  main 
time-pulse  distributor  for  selection  of  reading  or  recording 
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In  the  storage,  is  instead,  supplied  to  GT06.  This  gate  tubs 
is  normally  open  but  is  shut  when  the  recorder  flip-flop  has 
been  set.  ’'instead,  GT07  is  on  and  the  single  pulse  from  the 
eleotrostatio  oontrol  passes  through  this  gate  tube,  re  burn¬ 
ing  as  a  read-out  signal  to  the  eleotrostatio  storage  control 
and  opening  the  input  gate  tube  on  the  number  stepping  register . 
The  information  in  the  desired  storage  register  is  thus  transfer¬ 
red  to  the  stepping  register . 

5.  The  electrostatic  oontrol  then  proceeds  with  the 
re-storing  operation  in  the  electrostatic  storage.  When  thiB 
operation  is  complete  the  control  returns  a  restart  pulse  to 
the  main  oontrol  clearing  the  recorder  flip-flop  and  ro-start- 
ing  the  main  time-pulse  distributor.  This  distributor  will 
proceed  with  time  pulse  number  2,  the  interpolation  of  the 
recording  selection  process  having  had  no  effect  upon  the  main 
computing  sequence. 

This  process  proceeds,  the  computer  inserting  new 
information  in  the  storage  ring  and  the  recorder  extracting 
information  from  the  storage  ring.  If  the  difference -counter 
finds  that  the  ring  has  filled  up,  thus  showing  that  the  com¬ 
puter  has  gotten  ahead  of  the  recorder,  it  will  stop  the  com¬ 
puting  process.  The  recorder  will  continue.  When  the  ring 
has  been  emptied  the  difference-counter  will  again  start  up 
the  main  computer.  If  the  recorder  gets  ahead  of  the  computer 
to  the  extent  of  emptying  the  storage  ring  the  film  recorder 
and  the  recording  process  will  be  stopped  and  not  re-started 
until  the  difference-counter  shows  that  the  ring  has  at 
least  partially  filled. 

Drawing  B -39397  shows  how  this  system  can  bo  applied 
to  the  reading  process.  The  in-counter  again  keeps  track  of 
the  first  empty  register  in  the  ring  except  that  now  it  is 
supplied  with  pulses  from  the  reader  and  not  frorn  the  control. 
The  out-oounter  again  keeps  track  of  the  first  full  register 
in  the  range  hut  it  is  now  indexed  from  the  control  sine©  it 
is  the  computer  itself  which  is  extracting  information  from 
the  storage  ring. 

The  difference -counter  is  again  indexed  with  pluB 
pulses  from  the  in-counter  and  minus  pulses  from  the  ouo- 
counter.  Gates  are  now  provided  for  reading  numbers  in  from 
the  bus  tc  the  difference  counter.  It  is  sometimes  desirable 
for  time  economy  to  read  in.  only  a  few  numbers  from  the  reader, 
perhaps  p,s  few  as  one.  The  computer  can  then  transfer  a 
number  to  the  difference  counter  sufficient  to  merely  fill  it. 
If  the  reader  is  then  started,  it  will  read  only  enough  numbers 
to  fill  the  counter,  thus  stopping  the  reading  process.  The 
counter  must  then  be  cleared. 
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An  index  counter  is  also  provided  for  selecting  a 
particular  number  or  group  of  numbers  on  the  film  being  reado 
The  computer  can  read  into  this  counter  the  number  of  words 
from  the  word  last  read  to  the  next  desired  word  on  the  tap©. 

As  the  reader  film  moves  past  the  index  photo  cell,  it  will 
send  out  index  counts  to  this  index  counter.  When  the 
desired  number  of  words  has  passed  by  the  index  photo  cell,  the 
index  counter  will  send  out  a  start  order  beginning  the  reading 
process.  If  this  counter  is  used  in  connection  with  presetting 
the  difference  counter  any  desired  number  of  words  can  be  read 
at  any  place  in  the  film.  Orders  are  necessary  for  running 
the  film  in  two  directions.  Check  numbers  can  be  inserted  on 
the  films  at  desired  points  no  that  the  computer  can  have  a 
check  on  whether  the  film  is  in  the  desired  position. 

It  is  not  planned  at  present  to  provide  scanning 
speeds  in  the  film  readers  and  recorders.  Thus  it  is 
possible  to  read  or  reoord  at  the  maximum  speed  at  which 
the  film  oan  travel.  At  the  expense,  therefore,  of  a  certain 
amount  of  computing  speed,  it  would  be  possible  to  accomplish 
this  scanning  process  using  only  the  standard  orders  in  th© 
computer  and  allowing  the  actual  numbers  to  b©  read  from  the 
film  at  each  step.  The  computer  would  simply  not  put  the 
information  in  storage  until  the  proper  word  had  been  reached. 
The  computer  could  keep  traofc  of  the  index  number  itself  using 
the  arithmetic  element  as  the  counter. 


Drawings :  B-39395 

B-3939S 
B-39397 
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TMa  description  of  a  particular  fora  of  hlgh-qieod  computing  system 
la  not  intended  to  bo  a  complete  discussion  of  the  many  proo’isKa  of  electronic 
digital  computation  and  do  a  t  not  attempt  to  fully  explain  the  coxiuidcratio&B 
loading  up  to  the  result  yreeaateft  This  is  simply  r  description  of  what  the 
ay o toss,  in  and  how  it  uorfto., 

Ko;r„  does  this  outline  consider  fully  the  fact  that  oven  a  complete 
result  its  not  necessarily  final.  On®  possible  modification  to  -expand  th©  power 
and  usefulness  of  the  oyateo  is  given  la  Appendix  A,  and  further  additions  and 
Improvements  are  already  la  prospect..  Future  treads,  as  well  ©a  past  deliber¬ 
ations,  era  deemed  to  bo  beyond  the  scope  of  this  description  of  the  system"® 
character! sticB, 

An  &  guide  to  a  better  undemanding  of  the  system,  it  1®  recommended 
taet  the  reader  to  familiar  with  the  terminology-  need  in  the  oomputia,-;  field  in 
general,,  and  by  this  preplan 6  in  particular.- 

The  pretvACut ion  of  this  syptofu  coon  typos  of  physical  eou.iutae.%t 

I 

Btiil  under  development  has  mad.®  &  considerable  number  of  “a-aoumptiona15  naoeseery 
Thoia©  assumptions' are  given  as  ouch,  and,,  in  general,  it  1®  no s  poesihl*  t© 
justify  them  g-.s  being  anything  more  then  ruocaeo.,  Dhsn  more  reasonable  m- 
formation  is  available  in  tus  S.o of  physical  cciperissyntaX  dat-a,,  a  sviV* 

©valuation  of  the  system  cur,  o©«11t  h@  isaf*; . 


oommswt 


634& 

Sktglae&ring  Rotes  Ho,  JfmS-i 


1,,  O'bs'io :i.T3B  ©:?  Sy«tej£ 


3  SpttclflcaUoms  froia  Saasmary  Report  So, 


3..1  Serial  Operation 

3,3  Binary  Baoo  =  ■>•<<•■■«  ■=  ■■ 

3  3  Ji’ixed  Xacdttl&  System,.,  «  «  >•  ■ 
2  4  PHJ?  o  ,  „  , 


3,  Bum© r leal  Tr  ©fitment  ..  .»  •>  •> 
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6,41  Order  SejOwtloa  r,  ,  , 

6,48  Order- Initiation 
6,43  Order  Bisposi ties.  .. 

6  ,.44  Order  Eacooutioft  >  „  ■. 

6.45  Order  Character!  by, ic® 

6.46  'timing  .  ,  .  - 

6  .,4?  Sub-progr-isio 
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I  X  To  -oroTifle  a  simple  ayntes?  which  u-an  »e  1,0  u-a^  "■’,5t  '* 
oompUo&tad  operations  in  terras  o:f  vha*  aflto»pH»h«d 

Wit,h  the  -basic  tools  of  addition,  subtraction  smlWpMontioao,, 

and  atib-progrem  cycles, 

X,:,2  To  provide  a  basic  system  arrangement  for  performing  ni-role 
©rittaatio  operations  to  which  equipment  for  the  more  com¬ 
plicated  or  specialized  operation*  of  division,.  vmv*i  rooting,,, 
integration  end  interpolation  m;f  b®  added,. 

IM  To  provide  a  specifically  defined  system  for  a  ftudy  of  timing 
conalderat Iona »  and  the  functional  relationship  of  the  various 
typos  of  specialized  enulpment  now  onvieagod  To  this  and  vm? 
of  the  syotom  characteristics  have  been  arbitrarily  d*41r.®d  taw® 
specifically  than  la  reasonable  at  the  present  otage  ox 
development,  with  the  understanding  that  changes'  will  have  to  b« 
nade  aa  noro  information  loco  race  available 


Sgfl  ci  JMgh  .Ara-  Perlved  ‘  from  JtoJ»»glo_£*g^^ 

3  ,1  Serial  operation  will  be  used  insofar  as  poer^-oK. 
2,).X  Soria!  digit  transmission  will  V®  need-. 


2  12  Words  tran emitted  to  computing  element  will  ttw* 
X)  a. rail,  &i  channels?  > 


2.,  IS  Serial  order  '.rananluetoR  a»»l  csrieJ.  swr’sctung 
oet--np  ansano  '-’ill  be  need 


5>.  St  Bi  hni\a  will 


v-.  ...  *sr’,  i 
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3.3  a  SlKod  Point  Syatoa  will  eliminate  tho  uoad  for  >mt‘.  ■  cyltly 


bundling  the  location  of  -  tho  point  in  ths  machine , 


2,  si  The  roferonce  point  will  bo  taken  ao  ona  digit 
in  from  left  aide  of  number  register., 


3., S3  A  80*u.a  factor  of  mm  power  of  2  (for  binary 
base)  is  used  to  radu.cs  all  positive  numb  or  :  j  to 
appear  in  the  regiBtar  a®  lying  botwoen  0  e)!.d  1 


3,33  Seal®  factors  are  introduced  In  problem  preparation 
and  mint  el  way  3  bo  accounted  for  alt  tough  they 
never  appear  in  the?  machine 


2  331  Numbers  to  bo  addsdCor  subtracted) 

auat  have  tho  same  scale  factor,,  which 
1b  also  the  scale  factor  of  the  answer 


3,333  Any  two  numb  or  si  may  bo  multiplied  but 

tha  scale  factor  of  the  result  depends  on 
the  rounding-off  pro  cone  en  w&Xl  as  "he 
acelai  factors  of  the  mult  ip  lie  and  and 
multiplier 


3-  333  Seals  factors?  must  be  chosen  to  avoid  a 
result  which  runs  off  tho  number  reglatfix 
in  either  direction., 


3  4  The  digit  PE-P  is  asaunwid  to  bo  1  MCS  with  1/4  micronoc-ood  pult 


3,1  Tho  number  register  will  conniet  of  33  digit  ftpaOfta(aJr.o.Uiding 


lab  elllgance  pul  s;e ) 


3,3  Digit  pul  bo  t  will  bo  tran*Mi«od  in  tin«e  boou^rco  with  tho 


loaot  significant  coming  f-.x-ut,  and  the  alga  digit  being  tho 


last,,  i,o  „  right  end  of  nvusber  register  comas  firofc 


3,3  Tho  number  register  will  fc«  preceded  in  trenamiaoion  by  a 


single  Intelligence  Pulse.,  IP,  making  a  transmitted  length  cf 


33  digits 


wrnmmm 


, --tjr,  5JI#  jr*  lit  /  -T5  p*  fn>'V||'I«WI<am,irai?tijt 
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g  4  Kll  negative  numbers  will  appear  ae  complement ©  o*  tv:> 

t,hua  looking  Ilka  positive  number a  between  X  and  3.  -fcoy 
aro  distinguished  by  the  presence  of  m  pulse  In  the  sign 
digit  space,  which  is  the  last  one  transmitted, 
g.g  ®ho  arithmetic  operations  of  addition,  subtraction,,  and 
multiplication  will  be  provided, 


4 _ Further  Assumptions  Regarding  Blectro static. ^toj^jgg^_ynbgB 

4,1  Dynamic  storage  elements  (ST  typo)  will  be  capable  of  being 
“road'"  several  times  to  permit  use  of  the  same  number  several 
time a  la  e  ■jroblem  wit bout  the  necessity  of  restoring  xt 
every  time  It  in  used,  (there  la  at  present  no  experimental 
conflrwatlo 3  of  this  possibility  •)  f 

4.®  Storage  element.®  will  bo  iubXe  to  receive  and  interpret  bfaelr 
ttset-«p!t  orders  even  while  still  in  th«  process  of  exacutiog 
the  previous  .order  It  it  to  bo  understood  that  exec ur. Ion 
of  the  later  order  will  not  be  initiated  until  after  completion 
of  the  previous  one 

4,3  Storage  olaaeat©  or©  each  assumed  to  hold  38  ”  words'*  ol‘  at 
least  3.3  digit e, 


5  1  Computing  Srsasot  Char  a« t«  rl  at J.c  r. 

54,1  ffii©  (»;■> sections  of  addition,'  subtract ion.,  snd  multiplication 
will  '>a  performed  &£  follows; 

5  Hi  ?or  sMlf  on  &  basic  addar  will  bo  ®aaif:l  csd 
with  an.  tsdiityJ  protid  fij.of.’j  to  give  it  warning  1  f 
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improper  seal©  lscboi‘6  havs  oaoa  used 
oa  the  Busbars  tsikc  added!. 


5.J..2J3  For  mltipllcatloc.,.  a  -whiffle- tiro©  mul  i.plior 
which  will  accommodate  negative  as  wall  a:? 
positive  number  ?i  Is  titaed  for  high  sp«?‘4, 
.Boundi»^-off  normally  occurs?  at  the  middle  of 
the  product  hut  can  ho  done  at  other  p-.'lnto 
2h®  last  partial  evB  of  the  product  is;,  isado 
la,  the  adders. 


5,113  For  oub tract lon-„  the  complement  on  two  of  the 
minuend  will  bo  formed  endthia  io  added  to  the 
subtrahend  in  the  ndcB?r 


5,13  Tho  computing  element  vt  11  act  like  .-a  40  microsecond 
delay  for  nil  operation?.,  1  there  will  he  40 
eeo ,  from  the  start  of  th©  nuabofa  Isa  until  the  atari 
of  the  result  out.  This  delay  is  aecooeary  to  alloy 
a  time  of  on©  word  length  for  eraeure  of  fcha  Btoriigo 
tub©  which  ie  to  receive,  the  re  cult,  plu©  enough  extra 
tim  to  in  aura  full  raoovorj r  of  the  swoop  circuit  is 
(ho::®  arbitrarily  aaeumsd  to  be  8  me} 


5,3131  Addition©  and  subtractions  aro  purposely  delayed 
more  than  on®  word  length,, 


5,i;.53  A  multiplication  la  normally  daisy  ad  oa©  word 
length  and  in  this  system,  the  re  salt  i  e 
delayed  «.  little  more  to  make  a  total  delay  of 
40  n  soc„ 


8-3  Storage  Capacity 


5,31  Live  storage  will  be  ueed  to  store  partial  answers  or 
transient  results •. 


S®,  electrostatic  typo  { cathod©»-aw  tubes)  will 
bo  used. 


8 .31.3  Seven  tubes  will  provide  storage  for  .334  word© 


5,3.3  Program  and  sub-program  sto rag©  will  contain,  the  orders? 
for  solution  of  a  problem,. 


5  ..331  OH,  oBCilloaoopa  reader  type  (card  reader©  ,■> 
wS.ll  introduce  thn  ceded  orders  into  too 
sjrstasa  freri  a  mt  of  punched  card©  or  similar 
moaiuea. 


S i xi ©en  units  wi  i,  i.  provide  storage  fov 
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Us  ad  starve  will  enat-ain  const  rat a  *a&  tabul.-ted 
tiniiii.. 

5,3X1  OsciUoecop©  Reader  typ©  used  her©  isle.?-. 

5,333  Seven  tube «  v/ill  provide  sfeor^ge  for  334  woras. 


5,34  Heoording,  for  result;©, 

5,341  ;?(Jr  airaplicity  only  on.®  unit  its  provided. 


5,342  Sype  iia  not  specified,  bat  it  might.  T»o 
electric  typewrit or „  curve  plotter,  or 
o  ©cl  lie graph. 


Switch® o  will  bo  high“fipo»d  electronic  type- 

5.3.).  A  16-way  program  otorage  switch  1*  need  to  uolact 
©ach  ardor  from  the  program  etorage  tube®, 

5. 33  A  18-~w«y  storage  selector  evitch  sonde  the  etorega 
tuba  order a  to  the  proper  live  or  dead  ©to  rags 
tuba a » 

g .,33  a,  oomputor  ©fitch  separate©  tha  order  to  tha  computing 
element 

5 .34  h.  aub'-progi  m  switch  {separates  a  ©ob-program  ardor 

if  one  is  present, 

5. 35  Other©  are  shown  a»  required  in  tha  various  ccanonenfea 


Biming  device©  for  synchronising  tha  oparatioh 

5.41  a  timing  pal  a©  generator  providsa  pul»*s  at  master 
clock  PBS*  cf  1  MO, 

g.,43  Briber  generator  provides  synchro ni si a®  pulses  ©fc 
35  10  H’f  for  timing  varlcue  part®  of  the  opw  ation 
eye  L© .. 


A  program  ©elector  coat re  In  tha  sacueao®  of  orders  • 

5., 51  It  ohcoaea  program  order©  In  umaricfil  sequence  and. 
«r«j  luce®  the  oor?«*poBdin«  switching  ordoro. 


5,63  It  also  provide©  a  moauo  for  interrcptlog  the  mala 

pro^r ©a  go qu anew  with  a  eufc-program  wycl©  one,  return© 
'control  to  tho  proper  pleefe  in  the  main  program  at 
the  end  of  th*  puo-program  cycle. 
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5,53 


&  xeaofc  order  will  otar t  a  now  program  cy.3l»  'b;; 
the  program  selector  to  the  beginning  ox  the  p>: 


■-ct.'araistif; 

■'.->  pr&m., 


&. _ Oworatloa 

G,1  JPaadamentaJL  Circuits  oro  decerlbod  and  escplainsd  oa  the  following 
drawings,  which  abould  bo  otcudiod  in  th®  order  giroa  for  host 
results..  1'ha  symbols  used  throughout  uro  showa  and  defined  on 


B- 37 000 ,. 

6. . 11  flute  Generate r(Gfl) 

6  13  Oato  lu .be«W) 

6,13  Pul  bo  Cutoff  (PC) 

6J.4  Digit  Xnverter(DI) 

6,15  Electron!©  Switch (£3) 

6. . 16  BbeIs  Adder 
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3-27011 
B- 37014 
B-37017 
B- 37013 
B- 3701 5 


6„3  Component e 

6 ,,81  Computing  Element  Braying  3-37038 

C  -  2,703  3 


6.. .31'i  Mding  Element 

5.,  31*3  Multiplier 


SU07O16 

0-37010 
0- 37019 


6 ,  313  Complementer  ( CO ) 

6 , 32  S t o *  ago  Oai t a 

6„331  Oscilloscope  Hseder(OB) 

6*333  S  to  rag©  Sabe(SE) 
(Electrostatic) 


t;  B-37017 

Dr  ml  ajs  0- 37031 
*  0-37030- 


6  23  Prog raia  Selector 

3,  S  Order®  and  E’.mlng 

6 .,01  Composition  of  Standard  Orders 

6  S3  Sine  Cycle 


Drawing  B-37Q36 
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•JrtO  i’t'llov.'.r.fi  -zw'Ami  ,  S  •?■■'  4':  (••  4#,.  eUid  &  •&*.  ■  'fc.....v/agy. 

a  ootBplt>fe9  operation,  which,  can  ha  foMovod.  <?»  the  Vuaio  Cyclii  g 

Be  veil  ae  cm  the  system  Block  Diagram  Other  char  act  axis*;:  o  .  and 

features  of  operation  ore  described  in  tho  uufciwqpMtxt  section©. 

6  41  Program  Order  Solootlon 

6  411  Progran  selector  count  e  the  trigger o  on.  r ■  runic  Sh.. 


5.  41;?  Tha  order  is  selected  by  a  tube  amber  and  it® 
position  on  tbo  tube  /©cording  to  the  count 
rogietored  by  tha  program  nolorator. 


(i  41.  i  The  court  tod  number  nip  ran  out  a  a  switch  ovdor  end 
a  tuba  line  number  ok  t ho  tub©  ««l»rated  by  t to 
sol to h. 


6,41-1  This  coded  Una  number  from  the  so'Loctor  1« 

switched  to  the  proper  program  Btc-r-ag©  tube  and 
ante  up  the  proper  deflection  volt ago  for  Uhs 
order  do  aired  (Zen©  4  of  Tim©  Cycle,,  B-3?03!j) 


6,48  Initiation  of  -Program  Order 

6  43;,.  Alternate  trigger*  <spp<iar  on  trunk  Xloa.u  l1'  aid  f” ' : 


C  43'?  trigger  on  1  rente  first  word  of  progrns-i  oirttsr 
cate  minis:  Unn  0.  (id  n#>  6  of  Slew  Cycle) 


6  .43'$  Trigger  «a  V  which  i»  r>ore  than  one  word  length 
Inter  than  that.  :*n  lu  rsado  second  word  of  enter 
onto  0. 


S-455  Stupe  sitlon  of  .Orel nr  (So©  aUw,  Coapoaition  of  Orders,  . 
5V  3'>034) 


6  43,s  ytr»t  ueof-ion  of  order,  .which  .to  to  eat  up  tJw 
©to rage  tub  to  roan  one  number  into  cosopuhing 
clamant  on  tmnk  line  a  operaton  ntorago  ewleutuu 
ewlboh. he  ?sn<\  she  rent  of  fcha  action,  isu.d gncrtvjg 
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Fourth  aectiua  o t  order  i«  similar  in  &;i 
to  flrot  tw  Motions  but  nate  rp  tho  st 
tube  to  roooivo  the  xeoalt  from  tho  comp 
element  on  trank  line  C 


6.435  Fifth  Motion  of  order  i«  prCeeni  only  wV.n  »x« 
order  i»  to  b®  taken  from  a  sub-program  cycle- 
It  la  separated  by  the  mib-prograna  twitch  aa&  <.& 
used  to  arrest  tho  normal  counting  procedure  in 
tho  program  aelootox"  no  woil  s®  to  solace  tho 
proper  program  storage  tube  and  lino  number  for 
the  cub-program  order  desired- 


6  44  Execution  of  order 

6  441  A  trigger  on  Trunk  1"  5  causes  two  number o  to  bo 
rend  out  of  storage,  on*  onto  Trunk  A  and  oxkj  on 
33.  (Lines  8  and  7  of  the  Time  Cycle) 

6,442  The  asm®  trigger  causes  tho  live  storage  tube  on 
Trunk  C  to  erase,  preparatory  to  receiving  the 
result  to  be  stored  (Lino  0  ox  Time  Cycle) 

g  443  The  number  si  from  A  and  B  are  held  in  the  computing 
element  until  the  tube  on  0  1®  ready  to  store  the 
result 

6,444  The  elapsed  time  between  the  initiation  trigger  on 
T;  and  the  storing  of  the  result  from  the  oowpiUa? 
element  is  about  200  p  nee 


6.45  Character! atioo  of  Order® 


6.  461  The  first  and  second  sections,  designated  A  ani  '» 
ro®y  sot  up  oithsr  electrostatic  storage  riubsa  or 
osoillo scope  readers  on  trunks  A  or  3..  Tho  tubes 
on  these  trunks  will  always  bo  set  up  for  reading, 

6  453  Tho  fourth  section  of  order,  designated  0,  always 
must  sot  up  ax  el sc two  static  storage  tuba  or  the 
recording  instrument  to  receive  tho  compute^:'  rasvlt 
on  Trunk  G 


l 


6  453 


l’h»  fifth  Motion,  doeignatod 
the  aojcb  ord^r  to  be  read  when 
u  uffioA ,  is  .Included  only  i»  those  orders 


which  will  select 
sub  ”p  ro  grew  eye  1  a 


jWfth  rtv 


quire  the  mrxt,  order  to  be. part  of  a  sub  ■-•program. 
Each  sub -program  order,  aye  apt  the'  1&8&  one  of  tho 
cycle  will  contain  this  section  specifying  the  next 
step  in  the  cycle t  but  tha  other  section®  will  be 
similar  to  t eoao  of  regular  orders .  The  use  of 
section  3  raooao  that  sub-program  order®  need  not 


?!l  \, , ,  K  » '  S»ii»ia®ii(ii 
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ba  stored  consecutively  in  the  program  store 


6.454 


The  last  order  of  the  main  program  cycle  seta  the 
storage  selector  switch  to  a  unique  position  re¬ 
served  for  it  and  is  fed  hack  to  the  program 
selector  to  reset  the  counters  to  aero,  thus 
starting  the  program  over  at  the  beginning. 


6,46  Timing  of  Operation 


6.461 


6.462 


6. .463 


6.464 


6  .,465 


6.466 


6.467 


Triggers  snaced  at  40  microseconds  appear  alternately 
on  trunk  lines,  T*  and  T' » .  Hence  each  trunk  carrion 
triggers  spaced  SO  t4  sec.  apart. 


The  triggers  on  T*  are  counted  in  the  Program 
Selector  except  for  sub-program  interruptions, 
Reading  of  the  counters  la  timed  to  start  after 
the  sub-program  section,  **S** ,  of  the  previous 
order  has  been  read,  00  that  when  a  sub-program 
is  to  start,  the  counter  can  be  stopped  to  permit 
return  to  the  proper  place  vjhen  the  sub-program  is 
completed. 


A  trigger  on  T,$  starts  the  sweep  of  first  tube 
whoro  order  is  stored. 


Tho  next  trigger  on  T1  in  addition  to  starting  the 
program  selector  for  tho  next  order,  starts  the  sweep 
of  the  second  tube  where  the  rest  of  the  order  is 
stored. 


The  second  trigger  on  T*  *  goes  to  all  computing 
storage  tubes  as  well  as  starting  the  sweep  for  the 
first  part  of  the  next  order.  The  two  tubes  which 
were  set  up  by  Sections  A  and  B  of  the  order,  sweep 
and  produce  tho  two  numbers  for  the  computer  on 
trunks  A  and  B.  A  tube,  set  up  by  section  G  of  the 
order,  sweeps  to  erase,  preparatory  to  receiving  the 
answer  on  Trunk  C.  All  other  tubes,  though  triggered, 
do  not  produce  numbers  because  they  have  not  been 
” set-up n  by  an  order. 


While  the  ”0“  otorag®  tube  is  ©rasing,  the  "A”  and 
»BW  tubes  read  numberointo  the  computing  element, 
Th©  result  is  held  in  the  computing  element  until 
the  flCn  tube  has  had  time  to  erase  "and  recover  from 
th®  erasing  sweep,  about  406*  sec. 


The  answer  Is  stored  on  the  "C"  tube  when  its  IP  is 
used  as  a  trigger  to  start  tho  "writing5*  sweep. 
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5  ’?•»£  ft.  fined  cycling  rats  of  3  3,5  KG  la  u;.ad  vl  l » >  j. 

pro  Ha  ion  for  overlapping  purtioue  oi  tiv-.  operation®.. 
By  staggering  things  fchl y  way,  a  new  opsi  f.t,Vo.o.  can 
start  every  60  micro anconda  in  splto  of  the 
unnecoaeary  4iQ  p,  sac,  delay  of  addition r»  end  BUb- 
tractions  in  thy  computing  element. 

6  .47  Trontiaant  of  tsu’o  -progrnm  Cycly« 

G  471.  Section  ,lStt  of  mi  order  contains  the  coded  in¬ 
formation  designating  tho  location  of  the  next  order 
to  bo  read,,  l.e,. ,  the  position  of  program  storage 
switch  to  select  the  deal rod  tuba  switch  &nd  the 
line  number  on  the  tubs  it  self 

6.4V?  Section  KS"  l  a  switched  off  to  re-enter  the  program 
storage  through  the  program  storage  switch v  where  it 
select fi  the  next  order  to  bo  miod, 

6.472  Sactlou  ’’S'1  a„\  sc  goes  to  the  program  colector  whore. 
It  prevent  a  the  counter e  from  being  road, aw  in 
normal.,  anlactlon  procedure,,  although,  th®  count  hoc 
air  a  ady  boon  in  ore  nee  cl  for  the  next  program  order 

6.474  Whan  aub -program  cycle  i  s  complete,,  the  3. not  older 
haa  no  section  "S'1  and  the  program  t>al actor  iv. 
roloausd  bo  road  tha  count  which,  was  held  during  the 
sub-program,  bhua  returning  control  to  the ‘mat*, 
program  sequence  without  discontinuity  In  the 
Count l  up: 

6  4.H  Storage 

6  4**1  'She  filootroRtatlc  atoreg®  tubes  are  .always  ''ere^ud11 

just  before  they  are  re  (nured.  to  store  &  ivumboi  „ 
.guarding  against,  spoilage  cf  the  number  by  posr.lbl,o 
remalnti  of  a  previous  at o rings 

d  -U;?  A  storage  tut-,}  can  ha  used,  in  bvo  uwoeaoiyit 

ouMiatioaft  but  ot mm;  1  supply  both  ntwibwis  tv  the 
«'soroput'.iX'., 

G  dt3  Tr.anafor  of  storage  may  be  mode  by  Bending  the  value 
ly  ho  restored  through  the  adder  In  the  computing 
alamo?.'..'.,  whore  it  la  not  altered  but,  come:-;  out, 

9  no  ugh  labor  to  all,. Of  for  erasure  of  the  tub©  to 
racaivs  It 


6,464  «  -inn  on  an  electro  at  ntlc  istorag®  tube  cm  be  used 

several  tlmen  but  if  the  signals  “run-down15  or  get 
weak,,  the  value  will  have  to  bo  ronfcorod  tor  further  nos 


CQmM'HAL 


-  13  - 


All  operations,  except  transfer  from 
storage  to  the  recording  device  will  be 
terminated  "by  the  atoz'age  of  the  result 
on  an  electrostatic  storage  tube. 


mmmmmmkvwmrn 
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APP3KDI.Z.  A„ 

GOMPthO&B  SYSTBM  TYPE  O 
A1  flistlnguittihifte  Characteristic® 

A.l  1  Typo  Xs  will  bo  able  to  nsi«  on  Mectroatatic  storago  tube,  In 

Huccassivo  opav at  Ions 

A1  3-  Both  number*  to  the  computing  olement  ce,n  bo  supplied  from  a  single 
(storage  tubs  (of  either  type)  H  is  not  possible  for  a  single  tuba 
to  supply  bplh  numbers  and  store  the  result  in  the  same  operation, 
or  to  supply  fine  number  end  still  erase  in  time  to  store  the  result, 
AX, 3  All  other  features  will  bo  the  came  as  those  of  fypo  IA„ 


A2,  Modifications  Required  of  Type  IA 
A2,l  Storage  tuba  modifications 

AS,U  Ml  atoragra  tubas  of  both  types  must  contain  circuits 
which  will  be  able  to  hold  two  sot" up  o Merit  rocaivou 
ona  aft«>r  tho  other,,  so  that,  the  c«cond  order  can  be 
wromemb«tredn  while  tho  firut  one  It,  being  executed 

AH. 12  Associated  with  tho  above  provision  there  should  be  a 
(marts  for  sending  a  trigger  pul  bo  out-  of  the  storage 
tub©  vhc  never  &  double  order  in  rsc.-.ivod. 

A3, 3  Sysfc ora  modi flcatlono 

A3 ,31  A  single  trigger  pulse  should  bo  admitted  from  Trunk  T' 
to  ell  computer  storage  tubes  through  c.  gat©  controlled 
by  th®  pulse  soot  cut  from  tho  tube  r\ ceding  a  dov.bla 

order  '  - 

A3, 33  fruelca  Tf‘  and  9?""  oust  bo  Isolated  from  each  a  tho*  whom 
tho  trigger  from  T"  goon,  to  the  storaga  tubeo  to  preTWtfc 
accident  e-Uy  triggering  an  unde si red  program  storage  tub® 
a?.!  well-,  • 

A2  23  A  40  >A  IOC.  delay  Hub  1®  required  betv.e&a  trucks  A.  and  B„ 
■  connected  through  &.  switch  a®  follows,’ 

A- 3231  Korssally  Tronic#  A  and.  -B  aru  connected  M> 

A«mnn  i-4  r*  /<•  "it  *>YHlfcch. 


coMfflwntitt 

r,Mii 

JSiglneeriR-L.;  Ifofc^s  &  •  &'’&■< 

A,22%0  Wm-r.  te-ig^er-vi  by  ,-’hc  iFM'x  a)-  I-,u',-'i5'3  r':;'" 

fctGX'agN  tub  *  She  tvltcii.  giw'fLd  chango  .us 
u0.«.  ti.i  ociuu'.iCt  the  deity  i‘35.wt-or»  un. ■.'..» 

A3.  Op  o rati oft 

4,31  (fab  a  its  '‘net-up1’  by  flrct  order,  and  second  order  la  held 

A ,33  Extra  trigger  admitted,  from  a1"  la  '10  n  woe  ahead  of  U»  norran. 
trigger  on  'll” 11  and  roadn  first  nu»ber  off  tube  onto  'i'runfc  A. 

A,, 33  Thin  first  aoiabor  on  A  i«  delayed  40  p.  nee  in  tho  added  delay 
bfi'foro  It  nppimrn  on  Trunk  B 

A-,34  Tube  rseetn  to  the  second  order  received  no  soon  an  tho  Jiritt 
order  la  executed-, 

A. 35  Hornal  trigger  on  l""1  reads  second  asiebor  required  onto  Trunk  i 
vhich  le  now  clear  of  tho  .fi.ru t  number 

A.  36  The  two  number.!*  appear  almult&neouely  at  the  computet  c>n  A  and 
3  and  art)  operated  upon  and  stored  lc  the  normal  fashion 
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f  ■  AT E  TUBE  (GT) 

A  fyfite  Tub*5*  is  an  on-off  switch  stimulated  by  an  external  signal.  It  may  be  either 
firm,  lly  open  or  normally  closed.  In  either  case  presence  of  the  signal  causes  the  up¬ 
set  t  e  connection  to  be  made  and  when  the  control  signal  Is  removed  the  switch  reverts 
||-  its  normal  position.  When  the  control  signal  in  a  pulse  the  late  Tube  acts  as  a 
ifineideoco  timing  device  to  emit  a  single  oulse  ‘if  a  pulse  arrives  on  the  input  line  at 
|e  san  e  ti^e  as  the  single  oulse  control  signal.  If  there  is  no  coincidence  there-  will. 
I  no  o vit out. 

n 

In  some  cases  the  switch  may  be  required  to  ooerate  only  when  two  external  signals 
|!e  applied  simultaneously,  operation  starting  whenever  both  signals  are  on  together  and 
lopping  whenever  either  of  the  control  eigne. is  ceases.  This  is  possible  only  in  the 
as  e  of  tubes  which  are  normally  off. 
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GATE  GENERATOR  ( GG ) 

The  Gate  Generator  Is  a  device  to  produce  n  g;  ting  signal  of  a  fixed 


encth,  uoon  stimulation  from  a  single  pulse  or  the  leading  edge  of  another 


I 


te.  Once  triggered  it  will  he  unre soonslve  to  other  oulses  or  signals 


poearing  or:  the  incut  line  for  the  length  of  the  gate.  The  first  signal 


rooearing  after  the  end  of  the  grt*-  will  start  &  new  gate. 
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ELMS  ROM  C  SWITCH  -  (ES) 
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A  multi-polar  contpctor  which  msk.es  a  direct  contact  between  an  input 
line  and  one  of  a  number  of  output  lines,  or  conversely.  Where  there  Is 
only  a  two-way  choice  one  way  will  be  normally  closed  and  the  other  will  be 
normally  oner..  The  presence  of  a  nnsitlve  crate  signal  on  the  control  line 
will  reverse  the  normal  connections;  when  the  mate  is  removed  the  switch 
will  revert  to  its  normal  nos  it  ion.  In  the  general  case  of  an  m-wey  switch 
the  control  order  will  consist  of  a  binary  number  reoreeenting  the  desired 
connection,  i.e.  a  series  of  Dulses  in  binary  code  for  a  number  between  1 
and.  m  preceded  by  an  intelligence  nulse. 

The  multl-oosltlon  switch  is  shown  with  a  senarate  input  channel,  for  the 
control  order,  but  it  is  equally  feasible  to  have  the  order  arrive  on  the 
input  line  In  advance  of  the  word  to  be  routed  in  the  switch.  In  this  other, 
arrangement  .  the  order  would  set  the  switch  and.  hold  it  long  enough  to  allow 
the  word  to  pass  through,  before  releasing  the  switch  so  that  a  new  order 
could  reset  it. 
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IJLSE  OUT  OFF*  -  (PC) 
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The  ^ulee  Cutoff  is  an  arrangement  for  separating  the  first  pulse  of 
a  stream  of  pulses  from  the  rest.  it  consists,  of  a  Crate  Generator  (GO) 
and.  a  ?-way  Electronic  Switch  (ES)  controlled  by  the  gate.  The  first  pulse 
arriving  on  the  line  triggers  the  gate  which  in  turn  throws  the  switch, 
such  that  the  first  pulse  is  passed  down  one  line  out  of  the  switch  and  any 
following  pulses  are  sent  down  the  other.  Because  of  the  nature  of  the  Gate 
Generator  once  it  has  been  triggered  it  emits  s  gate  of  fixed  length  regard¬ 
less  of  any  successive  stimuli  for  a  given  period,  thus  oermitting  the  rest 


of  a  grouo  of  pulses  to  be  massed  on  the  second  switcir*  out  out  line. 
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BASIC  ADDER 


The  Basic  Adder  Is  a  circuit  for  adding  the  oulsrs  reoresentlng 


two  binary  numbers  such  that  the  pulses  resulting  will  correctly  denote 


the  number  that  is  their  sum.  To  add  binary  numbers . 


0  with  a  carry  of  1 


1  with  no  carry 


0  with  no  carry 


— ]._$£_►  sum 


The  elements  labelled  “Add  without  Carry"  perform  this  operation, 


The  two  numbers  to  be  added  are  fed  in  coincidentally,  and  whrnn  no 


Dulse  arrives  on  either  line  nothing  is  the  result;  if  there  is  a  pulse 


on  one  linf:  but  none  on  the  other  a  oul.se  goes  out  on  the  line  marked 


“Sum  without  Carry";  and,  if  two  pulses  arrive  simultaneously,  a  single 
oulse  goes  out  on  the  "Carry"  line  but  nothing  goes  out  on  the  "burn 


without  Carry"  line.  Carry  digits  are  delayed  one  digit  time  in  the 


Delay  Element  (DE)  and  are  then 'added  to.  the  sum  in  the  second  "Add 


without  Carry"  unit. 


The  ad.der  will  not  properly  add  two  numbers  if  each  has  an 


Intelligence  Pulse,  because  of  the  generated  carry,  but  when  only  one 


number  has  an  IP  the  answer  will  hove  the  same  IP  and  will  be  numerical] 
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ADDING-  ELEMENT 

The  Adding  Element  consists  of  a  Basic  Adder  end  ,  circuit  to  provide 
iO  warning  If  an  addition  results  in  a  number  which  overflows  the  register, 

|-e-  8  nui”bf’r  treater  than  unity  for  addition  of  two  oositive  numbers  or 
a  number  between  ?  and  3  for  addition  of  two  negative  numbers.  Since  this 
.results  in  an  answer  which  looks  to  be  of  ooposlte  sign  from  the  two  originals, 
|he  warning  circuit  registers  whenever  two  numbers  of  like  sign  are  added 
and  result  in  a  number  of  ooposlte  sign. 

The  Gate  Generator,  GG  produces  a  gate  one  word-length  long  less  one 
|lp:lt,  and  the  end  of  this  gate  releases  a  trigger  from  the  Trigger  Generator  (. TG) 
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trunk  C.  The  warning  circuit  is  actuated 
VVAKNIHG  onl.v  by  those  time  or  space  combinations 
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> l o N P\ L.  indicate  a  discrepancy. 
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COMPLEMENTER  -  (CC) 


A  Complementer  Is  used  to  form  the  complement  of  a 
number  with  resnect  to  2,  l.e.  from  a  binary  number  n  to 
form  another  number  2 - n .  The  complement  of  a  binary  number 
0.00110110C1  is  1.1100101001  where  the  extreme  right-hand 
digit  represents  tne  Intelligence  Pulse  (IP)  in  both  cases 
and  the  extreme  left  hand  digit  of  the  complement  signifies 
that  it  is  a  negative  number.  In  the  complement  the  IP 
and  all  digits  uo  to  and  including  the  next  digit  pulse  are 
the  same  as  in  the  number  while  oil  the  rest  of  the  digits 
are  the  oooosite. 

The  IP  of  the  number  n  triggers  the  (late  Generator  GO-1 
which  actuates  th»  Gate  Tube  (GT-1)  and  sends  a  one-word- 
length  gate  to  GT-?  as  well.  The  next  pulse  in  n  does  npt 
affect  X GG- 1 )  but  starts  the  gate  of  (GG-2)  which  changes 
the  position  of  the  Electronic  Switch  (ES)  thus  diverting 
the  rest  of  n  to  the  Digit  Inverter  (DI).  At  the  same  time, 
the  actuation  of  GT-2  is  eomoleted  admitting  Clock  Pulses 
to  DI. 


The  DI  passes  clock  pulses 
in  the  number  and  blocks  all  th 
words,  if  8  digit  soace  was  bla 
DI  and  conversely.  The  I?  and 
were  through  the  switch  before 
Delay  Element  (DE)  which  is  jus 
^or  the  few  digit-lengths  lost 
oulses  are  sent  out  just  ahead 
number  2-n  is  completed  when  th 
blocks  GT-2. 


for  every  empty 
e  digit  pulses, 
nk  it  is  given  a 
the  first  digit 
it  changed  are  d 
t  long  enough  to 
in.  DI .  From  DE 
of  the  rest  of  2 
<•  gate  of  GG-1  s 
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Multlollcatlon  Is  aocompllahed  by  taking  the 
partial  aume  formed  by  multiplying  the  multiplicand 
by  each  auccealve  digit  of  the  multiplier  and  then 
adding  theoe  partial  aume  In  proper  time  relation 
to  get  the  total  produot. 

The  multiplicand  on  Trunk  A  1«  delayed  one 
digit  length  In  each  Delay  Element  DE-1  for  proper 
timing  or  ataggerlng  In  the  aummlng.  The  multi¬ 
plier  on  Trunk  B  riret  hae  Its  Intelligence  Pulae 
removed  by  the  Pulae  Cutoff  (PC  and  then  la  fed 

almultaneoualy  to  all  the  dlaorlmlnatore  which  aleo 

reoelve  The  I  P  after  It  haa  been  delayed  one  digit 
length  in  eaoh.  The  IP  trigger  to  the  Dlaorlmln- 
ator  la  thua  one  digit  later  In  each  euooeealve 
Dlaorlmlnator  and  trlggere  the  Oote  Tube  OT-1) 

In  eaoh  at  a  time  when  the  newt  later  digit  °°lb"n 
of  the  multloller  la  on  Trunk  B.  If  any  euoh  digit 


BASIC  MULTIPLIER  Ik) 

oolumn  oontalne  a  pulae  the  Oate  Generator  (00)  of  the 
dlaorlmlnator  opena  the  Oate  Tube  (OT-2)  to  admit  the 
entire  multiplicand  to  the  bank  or  adders,  the  multi 
pile and  being  already  timed  properly  for  eaoh  line  or 
entry. 

After  the  partial  aume  have  paeeed  through  the 
bank  of  adders  they  produoe  the  produot  which  now 
talna  twice  ae  many  digit  plaoea  aa  the  original  number  . 
Rounding  off  without  a  oorreotlon  la  accomplished  by 
allowing  the  flret  part  of  the  produot,  (the  email  ox 
leaet  Blgnlfloant  and)  to  be  blocked  off  by  Jhe  j}®*® 

Tube  (OT)  whloh  la  opened  by  a  gate  aet  off  by  the  ir 
of  thr  multiplier  which  hae  been  delayed  one  number- 
length  In  the  oolumn  of  dlaorlmlnatore.  Thla  letB  the 
usable  half  of  the  produot  through  and  at  the  same  time 
provldee  the  IP  for  It,  oompletlng  the  operation. 


MULTIPLIER  (x) 

The  multiplier  shown  here  has  been  modified  to  be  able  to 
multiply  when  either  or  both  of  the  Inputs  are  negative  numbers. 
It  also  contains  provision  for  royndlng-off  any  result  to  fill 
more  of  the  number  register  with  significant  digits,  l.e.,  to 
alter  the  normel  scale  factor  of  the  produot. 

A  negative  number,  n^  on  Trunk  A  means  that  the  multiplicand 
Is  aotually  P-n^.  A  negative  number  on  Trunk  B,  however,  acts 
like  a  multiplier  l-n2,  slnoe  the  sign  digit  is  not  admitted  to 
a  diacrlmlnator.  Thus,  the  resulting  products  will  actually 
represent: 

n^  x  (1  -  n2)  *  -  n^ng 

n2  x  (2  -  n^)  =  2ng  -  njn2 

or  (2  -  n^)  x  (1  -  n2)  =  2  -  2n?  -  n^4- 

The  proper  result  can  be  obtained  If  the  following  corrections 
are  made: 


The. multiplicand  Is  saved  In  the  column  of  delays  DE-1 
and  If  multiplier  was  negative  OT-4  opens  GT-6,  letting 
multiplicand  through  for  complementing  in  DI-1.  Mul¬ 
tiplier  Is  saved  In  an  external  delay  and  arrives  on 
Trunk  BM  where  It  Js  doubled  by  a  one-dlglt  delay ,DE-2 
and  then  Is  let  In  to  be  complemented  In  DI-2  through  QT-7 
which  Is  controlled  from  GT-3*  After  being  complemented, 
the  corrections  are  added  to  Trunk  B*  before  going  out  to 
be  added  to  the  original  product. 

Shifting  the  usable  portion  of  the  product  In  the 
number  ^register  is  accomplished  through  selecting  the. 
timing  of  the  pulse  which  performs  the  rounding  off,  the 
choloe  being  made  In  a  Switch  E8.  This  pulse,  selected 
In  time  relation  to  the  answer  from  the  column  of  delays 
In  the  Discriminators  Is  put  on  Trunk  B1  to  be  added  in 
the  last  partial  summing,  and  Is  also  sent  out  to  open 
the  gate  which  will  start  the  number  register  from  .the 
last  adder. 


For  number  on  A  negative 


For  number  on  B  negative 


For  both  negative 


add  Complement  of  twloe 
the  multiplier 

add  Complement  of  multi¬ 
plicand 

add  both  oorrew'tons  above. 


The  lorreotlone  are  made  when  Cate  Tube  GT-3  and  BT-4  detect 
negative  wjib^ra  by  coincidence  of  a  timed  trigger  with  the  last 
digit  oolumn  of  the  multiplicand  and  multiplier  respectively. 
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STORAGE  TUBE 

A  Storage  tube  1b  corapossd  of  the  eleotroetattc  oathode 
ray  tube  upon  which  the  pulBea  forming  numbers  are  stored  and 
the  associated  circuitry  required  to  perform  all  the  necessary 
functions  when  used  as  a  part  of  a  complete  oomputer  system. 

The  storage  tube  la  assumed  to  oontain  3?  storage  spaoes 
each  oapable  of  holding  one  number,  or  word,  and  ae  used  In  a 
system  It  must  be  ablo  to  produce  one  of  these  numbere  on 
either  of  the  trunks  A  or  B  or  it  must  be  able  to  store  a 
number  coming  in  on  trunk  0.  To  control  these  actions  an 
order  must  consist;  of  two  parts,  one  being  a  code  number 
designating  the  line  of  the  tube  desired  and  the  other  con¬ 
trolling  the  condition  of  the  tube  and  determining  which  line 
It  la  to  be  connected  to.  The  order  Is  shown  here  ae  being 
separated  into  Its  two  parts  by  the  switch  ES  with  each 
part  being  Interpreted  by  its  own  deooder,  but  It  would  be 
equally  possible  to  have  a  single  deooder  which  would  pro¬ 
vide  the  two  separate  controlling  funotlons  from  one  order. 

If  the  order  is  one  for  reading,  a  Gate  Tube  GT-1  will 
be  turned  on  connecting  the  tube  to  one  of  the  Trunks  A  or  B 
and  &T-2  will  likewise  be  turned  on  admitting  a  trigger  to 
stimulate  the  proper  bias  voltage  for  reading.  After  a 
alight  delay  In  DE-2  the  same  trigger  starts  the  sweep 
to  produce  the  number  and  Is  iteelf  lent  onto  the  line  Just 
after  the  Capacity  Canoeller  Amplifier  to  eerve  as  an 
Intelligence  Pulse. 


(3T) 


If  the  order  is  to  prepare  the  tube  to  receive  a 
number  on  Trunk  0  the  Gate  Tube  GT-3  Is  opened  allowlg 
the  trigger  to  erase  the  preper  line  before  the  number 
to  be  stored  arrives.  When  the  number  oones  on  Trunk 
C  Its  Intelligence  Pulse  la  removed  by  the  Pulse  Cut¬ 
off  PC  and  Is  used  to  start  the  sweep,  while  the  rest 
of  the  number  Is  fed  to  the  Intensity  control  circuit. 

The  arrangement  shown  Is  but  one  of  many  possi¬ 
bilities,  and  no  significance  should  be  attached  to 
the  particular  oholce  used  here.  Other  methods  of 
providing  the  necessary  Internal  funotlons  will  still 
permit  the  same  eoheme  for  utlllrlng  the  storage  tubes 
In  the  system  and  the  method  of  control  will  be  the 
same  as  that  shown  hero. 
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O3CILLOB0OPE  READER  (OR) 


The  Oscilloscope  Reader  le  a  modification  of  the  Storage  Tube  to  permit  reading  or  eoamvlng  data 
whloh  oan  be  stored  In  the  form  of  punched  cards  which  are  placed  In  front  of  the  cathode  ray  soreen.  Like 
the  storage  tube  the  'scope  reader  will  hold  32  numbers  or  words  and  will  be  able  to  produce  any  one  of  the 
32  on  either  trunk  A  or  B,  though  the  only  method  of  changing  the  stored  data  la  to  change  the  card  Itself. 
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BASIC  COMPUTING  ELEKEI.7  _  ^ 

The  basic  computing  element  shown  will 
perform  the  functions  of  addition,  subtraction,  and 

I 

multiplication.  The  ooeration  desired  is  selected 

f 

I  by  the  switch  order  to  the  Electronic  Switch  ES. 

One  number  supplied  retains  its  Intelligence  Pulse 
•X'^C  which  is  used  in  the  answer  but  the  other  has  its 
extracted  in  the  Pulse  Cutoff  PC.  For  an  addition 
both  numbers  are  out  directly  through  the  adder.  In 
Subtraction  the  minuend  Is  complemented  in  the 
Complementer  CC  while  the  subtrahend  is  put  through 
|  a  slight  compensating  delay  in  DE.  The  Multlplier(x) 

is  only  partial,  the  last  sum  of  the  product  being 
trade  In  the  adder. 
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The  complete  computing  element  shown  here  la 
suitable  for  Incorporation  Into  a  aomouter  system 
for  performance  of  the  functions  of  addition,  sub¬ 
traction,  and  multiplication  to  any  desired  length. 

The  adder  has  provision  for  lndloating  Improper 
addition  of  positive  or  negative  numbers.  The 
computing  element  as  shown  Is  Intended  for  use  In  a 
system  with  a  synchronlred  trigger  to  start  eaoh 
operation,  such  that  the  same  length  of  time  is 
available  for  each  operation.  In  this  system 
the  results  of  additions  and  subtractions  are 
delayed  one  word-length  in  a  Delay  Element  DE-2 
thus  taking  as  muoh  time  as  a  multiplication. 

This  time  taken  In  the  computing  element  can  be  used 
elsewhere  In  the  system  for  erasing  the  storage  tube 
that  1b  to  reoelve  the  answer. 

The  operation  order  to  the  computing  element 
la  split  by  an  Electronlo  Switch  ES-4  into  two  parts, 
one  part  specifying  the  type  of  operation  desired  and 
the  other  giving  the  desired  roundlng-off  position 
If  the  operation  Is  a  multiplication.  The  former  part 
sets  the  two  switches  E9-1  making  the  proper  connections 
to  adder,  multiplier,  or  through  DE-1  and  the  Complementer 
CO  for  subtraction.  As  normally  set,  the  Gate  Tube  GT-1 
anti  the  switches  ES-2  and  ES-?  pass  an  addition  or  a 
subtraction  through  DE-2  before  the  result  oomes  out 
on  trunk  line  0.  Aotually  the  order  need  not  be  split 
into  two  parts  by  SS-4  slnoe  ektra  ood.  liglt  reader, 
oin  be  provided  In  the  switch**  *8-1  t»  lnt.rpr.tthe 
MMdlag-aff  order. 

Far  m  eultlpUoeU.n  the  roundlng-off  order 
which  le  sent  to  the  multiplier  also  appears  at  <}S«J 
where  It  aotuatea  ES-2  and  ES-3  to  oonneot  the  Input 
from  trunk  line  B  to  the  multiplier  through  W-?  where 


It  le  delayed  one  word  length  as  required  by  the 
multiplier  for  multiplication  Df  negative  numbers. 

The  multiplier  has  as  ltB  outputs  the  two  partial 
sumB  which  added  together  will  produce  the  correct 
product,  and  a  trigger  Dulee  on  line  0"  whloh  Is 
timed  by  the  roundlng-off  order  within  the  multiplier. 
This  pulse  Is  sent  dlreotly  to  line  C  to  be  the  In¬ 
telligence  Pulse  of  the  product  and  after  a  slight 
delay  In  DE-3  goes  also  to  a  date  Generator  do-2 
whloh  openB  GT-1  at  the  proper  time  for  roundlng-off 
In  aooordanoe  with  the  roundlng-ofr  order.  ThnB,  the 
firBt  part  of  the  product,  which  Is  the  least  sig¬ 
nificant  Is  blooked  by  GT-1  whloh  opens  to  let  the 
u suable  part  of  the  number  through  to  follow  the  IP 
out  on  Trunk  0. 

DE-4  la  an  additional  delay  to  moke  the  total 
delay  time  through  the  oomputlng  element  equal  to 
the  eyetem  oyoling  time  for  all  types  of  operations, 
In  other  words,  a  number  starts  to  oome  out  at  0 
more  than  one  word  length  after  the  numbers  producing 
It  started  In  on  A  and  B,  This  time  delay  Is  made  to 
correspond  to  the  requirements  of  other  components  of 
the  system,  especially  the  storage  elements,. 
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Time  in  microseconds 


First  Word  Length 


DESCRIPTION  OF  ORD 


Grc^'-r  cutting  the  first  switch  rr-genspry  to 
select  the  Storage  Tube  which  is  to  o^oduce 
o  number  Trunk  a  of<  the  computer  system. 
Co ?v. nosed  of  4  dlgJ  ts  to  connect  one  out  of 


lh  nos si bin  switch  positions. 


Order-  selecting  the-  tube  lino:  to  be  used  to 
produce  e  number  on  Trunk  A.  Composed  of  3 


-  ;  l: 


digits  to  net.  up  deflection  voltage  on  one 


out  of' ;2  pcs cl  ole  storage  lines,  and  2  digits 


to  connect  the  tube  to  one  of  the  three  trunks 


in  the  computer  ey stern,  A,  R,  nr  C.  Tubes  on 
Trunks  a  and  B  will  always  read;  tube  on  Trunk 
C  will  always  erase  first  and  than  ore oar e  to 


write  an  incoming  number. 


B1  -  Same  e.e  A1  but  designating  the  tube  on  Trunk- ,3,5 


Same  cc  A‘3  but  for  tno  tube  on  Trunk  B. 


The  Intelligence  Pulse  has  been  included  in  all  orders  vrhere  necessary, 
left-hand  or  leading  edg*  or'  each  order. 


A  tv; o-ml or o s e c o nd  mo  has  been  left  between  orders  v-here  necessary  to  o 
resetting  tolerance  of  plus  or  minus  on«  r»lci  ^second. 


Orders  designated  A?,  B2 ,  G2,  and  5?  have  be®»i  omitted  since  Type  I-A;'  A 
of  switching,  but  in  sys+ems  with  two  stages  preceded  these  orders  would! 
be  of  the  same  composition  and  use  ee  their  counter  carts  Al,  '51,  Cl,  and 


■  i 

The  eight-microsecond  gap  between  word  lengths  in  for  the  purpose  of 
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COMPOSITION  OF  STANDARD  ORDERS  FOR  TYPE  IA  GOMPUO 


TRUNK  T' 


ORDER  SELECTION 
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•U— STANDARD  ORDER 
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ORDERS  FROM  PROGRAM 

‘  -  p  T-  ;  . 
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TRUNK;  A1 


READ  ST- A! 
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READ  ST-  B 


TRUNK  R 


|  WROTE  feTTrC  |  ERASE.  ST-C  I  j  WRlTfe  ST-C  [ 
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—TOTAL  TIME  FOR  COMPLETE  OPERATION 
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- TIME  FOR  CYCLE - 

•  i-  • !  (SO  MKRO SECONDS!) 


i  .  r  •  « 
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TIME  IN  tVKGI 


Word  length  Is  assumed  to  be  J2  microseconds  long,  and  Storage  Tube  spe- 
one  sweep  every  4o  microseconds. 


lor  detailed  composition  of  Standard  Orders  see  Dwg .  B-  37024 


It  is  assumed  that  storage  tubes  will  be  capable  of  receiving  and  inter; 
still  in  the  process  of  executing  a  previous  order, 

TITLE  CBANf 


e  Tube  speed  such  as  to  nermlt 


SKt 


SERVOMECHANISMS  LABORATORY  OF  THE 
MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
DIVISION  OF  INDUSTRIAL  COOPERATION  PROJECT  NO. 


g  and  Interpreting  orders  while 


R&VISS&  PIJT  -3 

|Title  c&M&eb  PDT  -3 

ft&VISeD  PDT  H 

fe  .  ' 


SCALE: 

TR.' 


TIME  CYCLE  FCR^C 6mP0  TER  SYSTEM.  TYPE  IA 


•  •  I  .  Lfcxorq.  jg  #  ■  I  , 

- - , - 1— .  .  v  ■M-il 

CK.  .  '  ■  APP. *  L3-  77!n'3er  Js,  <  I 


?iTT 


DR^j“  (jg£ivi.i  3Y„  , 

...r:  C*lts>f44r 

CK. 

APP. 

-1 

1 


PRWIINJIM'lUIUlpwlwfEin 


Tolerances  Not  Otherwise  Specified: 
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ORDER 
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PROGRAM 

STORAGE 


PROGRAM  SELECTOR 


■To  Program  Selector  in  a  control  unit  tc  determine  the  sequence 


in  which  the  program  orders  are  read.  As  shown,  it  provides  a  means 


oi  count  In  sc  serially  and  will  select  the  orders  in  numerical  order. 


The  first  Bcale-of-3?  counter  counts  triggers  find  governs  the 


output  of  its  Binary  Coder,  BC  in  accordance  with  the  count.  After 


3?  trippers,  it  resets  to  zero  and  sends  a  pulse  to  the ,sccle-of-l6 


counter  which  counts  these  pulses  and  governs  the  second.  3C  accordingly. 


ihe  trigger  pulse  Is  delayed  to  allow'  for  the  counting  and  then  triggers 


the  coders  successively  to  send  out  first  the  scale-of-l6  count  which 


is  a  switch  order  to  select  the  program  storage  tube  desired,  and  then 


to  send  out  the  scale- of- 32  count  re  present  ins;  the  tube  line  to  be  read 


to  get  the  urogram  order.  The  last  program  order  to  be  read  switches 


itself  out  of  the  rest  of  the'  system  into  the  reset  unit  which  resets 


both  counters  to  zero  for  a  new;  urogram  cycle 


When  a  program  order  contains  an  order  selecting. a  tube  and  line  of 


a  sub- urogram  cycle  this  order  is  separated  and  is  used  to  start  the 


Bate  generator,  60,  which  closes  the  normally  open  Oate  Tubes  GT-1  and 


Timing  of  thl*  subprogram  order  within-  the  main  order  insures 


the  blocking  of  triggers  to  the  program  selector  while  a  subprogram  1 


in  progress  and  insures  continuity  in  reading  the  orders  of  the  main 


program  when  the  subprogram  is  completed. 
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NOTE:  FOR  EXPLANATION  OF  SYMBOLS  SEE  DRAWING  B-37000. 
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